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ABSTRACT 
Values of the rate constant for the alkaline hydrolysis of methyl 
acetate in various aqueous-organic solvent mixtures (dimethyl sulfoxide 
0<x40.2, dioxane 0 <, x., < 0.2, methyl ethyl ketone 0<x<0.06 and 
diglyme, i. e. ether-bis (2-methyloxethyl) 0x<0.10) have been 
determined for the temperatures 15 0 C, 25 0C and 35 0C conductometrically. 
To interpret these results the approach adapted is to experimentally 
determine the activity coefficient of the ester (YE ) and the activity of the 
water (aH 
20', 
mechanistically, at least one molecule of water is involved 
in the rate-determining step) and then to use the Bronsted-Bjerrum equation 
to determine the residual activity coefficient ratio of the participating 
ions, y (Yf - for the transition state). Oil 
Values of YE and aH 
20 
have been determined by a transpiration method, 
using gas-chromatographic analysis of the vapours of solutions of methyl 
acetate in aqueous-organic solvent mixtures of dir. ethyl sulfoxide, dioxane, 
methyl ethyl ketone and diglyme in the same composition ranges as above, 
tetrahydrofuran 04x 
org z<, 
0.15, methanol, ethanol and tert-butanol in 
the range 04x0.20'at 25oC. These results indicate that on changing 16 org 
the solvent composition YE varies by a larger factor than is predicted for 
the ratio YOH-/yýO_ by the Debye-Iluckel approach, and hence is the 
dominant factor in determining the effects of solvent composition on the 
rates of the hydrolysis. This is in contradiction to the assumptions of 
the electrostatic theories of Laidler and Eyring, and of Amis and Jaffe. 
The gas-chromatographic results also indicate that whilst the concentration 
of the water varies in each mixture studied, the activity coefficient varies 
in the opposite way to produce almost constant values of aý, 0* 
Using the transpiratioii/gas-chromatogralýlic method, the thermodynamic 
properties of the ternary systems, methyl acetate-water-organic Solvcat, 
using the organic solvents mentioned above (excepting, diglyme) have been 
investigated, and the results indicate that the variation of *ýE with 
solvent composition, for the dilute solutions of ester used, can be 
estimated from the thermodynamic properties of the binary water-organic 
solvent mixtures, using the Gibbs-Dahem equation. 
Single ion activity coefficients in the literature for small negative 
ions, to represent the OH_ ion, and for large ions, to rep-resent the 
transition state ion, have been used to explain the experimentally fomd 
variation of the residual activity coefficient -ratio with solvent 
composition. 
Hence, it is concluded that the importance of the parameters involved 
in the hydrolysis of esters - an ion-molecule reaction - in aqueous- 
organic solvent mixtures are in the order of 
Ymolecule > aH 
20> 
YOH_/YM +-> (dielectric constant), 
and that the nonelectrostatic effects -- thermodynamic effects - are more 
important in these studies than the electrostatic effects. 
From a preliminary investigation of the data in the literature the 
thermodynamic approach also yields a valid interpretation of the effect of 
solvent composition on the rates of the acid hydro lysis of esters. 
I 
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CHAPTER ONE 
INTRODUCTION 
The Effect of Solvents on 
Reaction Rates 
1.1 - Introduction 
The prediction of reaction rates is important both practically and 
theoretically. This is especially so where there are many possible ways in 
which the reactants can react, and one may wish to maximise the field of 
the desired material and limit the number of possible reactions so as to 
reduce the amount of by products. The effect of solvents has been shown 
to be of great importance following the work by Parker For instance, 
using dimethy1formamide instead of methanol as solvent, the rate constant 
for the reaction CH 31+ KSCN--*CH 3 SO + KI (1.1) increased by a 
factor of 10 
3 
and could be carried out at lower temperature. 
Historically the first major contribution to the subject of reaction 
kinetics was made by Q-1ldberg and Waage in 1867 in their law which stated 
that the velocity of a chemical reaction was proportional to the active 
masses of the reacting species. At the time the active masses were 
replaced by the concentrations of the reacting species and most work 
carried out since that time has used concentration terms. Following the 
early work, including that of Ostwald, there care a period of about three 
decades C1890-1920) in which reaction rates in solution were studied and 
classified. As a result many generalizations were put forward but no 
stimulating and unifying hypothesis emerged. For example, Bronsted and 
Bjerrum. derived an equation, using the Debye-Huckel theory, to deal with 
the effects of the icnic strength of solutions on the reaction rates of 
ions in solution; the Christiansen approach was concerned with the effect 
of dielectric constant on reaction rates, and Hildebrand and Scott discussed 
the applicability of the concept of regular solutions to their subject. 
Underlying all these interpretations is the fundamental Guldberg and 
Waage law which used what came to be called activities and not concentrations. 
Ibis came to be embodied in the activated complex theory put foniard by 
Eyring 2- the theory of absolute reaction rates. This theory has been shown 
to be useful in the area of solvent efFects on the rates of many reactions 
in solution. 
-2- 
Whilst the law of Guldberg and Waage can be expressed for the 
reaction 
A+B -* products, 
as: - the Rate of Reaction =k aA a13 -= kIA][B]y A'YB 
0 
where aA represents the activity, [A] the concentration, and -(A the activity 
coefficient of species A, etc. the theory of absolute reaction rates 
indicates for the reaction 
A+B: ==M products 
that: - the Rate of Reaction k[A]IB] 
Y 
'A 
YB 
"M 
This equation introduces an extra activity coefficient term Y& for the 
activated ocmplex. Dividing both sides by JA][B] yeilds the Bronsted- 
Bjerrum equation , 
k= ko YAY-B 
Yff 
where ko is the Value of the velocity constant, k, under reference 
condition where YA= 'f B= YMý 
The llyll terms are the activity coefficient terms for each of the 
species A, B, and -f each separately in the solvent. m 
I 
Hence if a change in solvent produces a change in any or all of 
the "y" terms, then the reaction rate will be different in the new solvent. 
This is general for all types of reactions, ion-ion, ion-molecule, and 
molecule-molecule reactions and the "y" terms include all the non-ideality 
effects for the species A, B and M (in the solvent concerned). In other 
words the activity coefficient equation illustrates that any study of 
solvent effects on rates of reaction must start from a consideration of 
the activity coefficients of the reactants and activated complex. 
Activity coefficients for the many reactions in solution that have 
been studied are unfortunatlly not available. Therefore many of the original 
workers in this field such as Amis, Lamer, Laidler, Eyring, Scatchard and 
Christiansen used Debye-Huckel type calculations to predict the effects of 
changing solvents on activity coefficients of ions and r. olecules. 71iis, 
of necessity, neglected specific solvation pheno-mena. Whilst it is not 
-3- 
possible to determine the activity coefficient of the activated complex, 
it is possible to estimate the activity coefficient of the reactants 
especially in each solvent. 
Therefore, given the availability of activity coefficients of 
reacting species in solution, and similarly the ability to predict the 
activity coefficient of the activated complex, the effects of solvents on 
the rates of reaction could be predicted and may enable the reaction rates 
of individual reactions to be controlled. 
The present work is confined to a study of the alkaline hydrolysis 
of methyl acetate in different aqueous - organic mixtures, and to an 
experimental study of the activity coefficients of the reactants in these 
mixtures. 
-4- 
1.2 - Reaction in Solution 
Reaction rates in solution are dependant upon the concentration of 
reactants, temperature, the presence of catalysts and the solvent. ' For 
an uncatalysed reaction at constant temperature the reaction rate is 
expressed as a function of the concentrations of the reacting species by 
mathematical relationships, embodying the concept of the order of reaction. 
This leaves a change of solvent ýethe only means by which a reaction rate 
may be altered. 
There are two types of solvent dffects: 
a) Physical effects; when a reaction takes place in solution, the 
solvent is usually in great excess, so that while reaction proceeds and if 
there is no involvement of the solvent chemically there is no change in 
the concentration of the solvent. Therefore, in this case, a solvent is 
merely an inert environment but possessing distinct physical properties 
which may effect the reaction. These properties, in view of solvent 
effects, can be divided into two groups, in the first instance those 
that are involved in electrostatic effects, such as dielectric constant and 
dipole moment, and secondly those properties that exert non-electrostatic 
effects such as van der Walls forces. 
b) Chemical effect; in this case the solvent takes part in the 
reaction niechanicm, and at the end of the reaction it may or may not be 
regenerated. These effects are of two kinds: the solvent may have a 
catalytic role; or may be included in the stoichiometric equation as a 
reactant. 
There are two ways by which the influence of the solvent on the rates 
of reactions in solutions can be investigated. In the first place, the 
rate of -reaction in the liquid phase may be compared with that in tke gas 
phase. The second one. is to compare the results that have been obtained 
for the rates of the reaction in different solvents. There are many refer- 
ences 
(2-7) 
available OTI the influence of the solvent on the. rates of reactions 
. -S- 
1 1.3 - Me Ideal and Non-ideal Situation 
In view of the comparison of -reaction rates in the gas phase and the 
liquid phase a suitable starting point is the. case where, at constant 
temperature, no effect other than that of concentration of the reacting 
species are present - the ideal situation. The solvent, if present, acts 
merely as a condensed gas. The reaction rate - on the collision theory - 
should be of the same magnitude in both phases at the same concentration. 
A few reactions have been investigated both in the gas-phase and in liquid- 
(8-10) 
phase. One example is the decomposition of dinitrogen pentcxLde 
This reaction is not affected by some solvents. Table 1 gives the rate of 
the reaction in gas phase and in different solvents. 
According to Table 1 the rate of the reaction in all the solvents 
except nitric acid and propylene dichloride is approximately the same. 
Most solvents therefore do not have any effect on this reaction. 
However, nitric acid and propylene dichloride do influence the reaction 
rate in some way. In the case of nitric acid the interpretation is that 
there is a formation of some kind of complex between the N205 and the nitric 
acid and the enthalpy of this complex formation is responsible for the 
sharp decrease in the reaction velocity 
Another example is the dimerization of cyclopentadiene and the reverse 
dissociation, in the gas-phase, in the pure liquid state, and in some 
solvents 
12. These reactions in all phases have approximately the same 
rate. Table 2 gives the values of the frequency factor and energy of 
activation for both reactions. 
-6- 
Table 1: Decomposition of Nitrogen Pentoxide in Various 
Solvents 
Solvent k -10 
5 
(at 250C) 
log A 
10 ECK cal) 
Gas phase 3.38 13.6 24.7 
Carbon tetrachloride 4.09 13.8 25.5 
Carbon tetrachloride 4.69 13.6 24.2 
Chloroform 3.72 13.6 24.5 
Chloroform 5.54 13.7 24.6 
Ethylene dichloride 4.79 13.6 24.4 
Ethylene dichIcride 6.56 14.2 24.9 
Pentachloroethane 4.30 14.0 25.0 
Nitromethane 3.13 13.5 24.5 
Bromine 4.27 13.3 24.0 
Nitrogen tetroxide 7.05 14.2 25.0 
Nitric acid 0.147 14.8 28.3 
Propylene dichloride 0.1510 14.6 27.0 
Table 2: 7he Dimerization of Cyclopentadione-andthe 
reverse Dissociation 
Dimerization Dissociation 
Medium log A E(k cal) log A E(k cal) 
10 10 
Gas phase 6.1 16.7 13.1 35.0 
Pure liquid 5.7 16.0 13.0 34.5 
Carbon tetrachloride 5.9 16.2 
Carbon disulfide S. 7 17.7 
Benzen), 7.1 16.4 
Paraffin 3.1 17.4 13.0 34.2 
-7- 
Under the non-ideal situation, the role of solvent becomes important. 
Solvents appear to change the rate of reaction significantly. One 
6xample is the reaction between triethylamine and ethyliodide(13-14). 
The rate of this reaction has been measured in many solvents and the rate 
3 
constant has been observed to change by as Prich as a factor of 10 The 
reactions 
is 
which are presented in Table 3 are other examples of the effect 
of the s olvent on the rate of reaction compared with rate in the gas- 
phase. The solvent, water, increases the rates of reaction markedly. In 
the first reactions the reaction of hydrogen atoms with douteriLun, the 
-he higE. activity coefficient rate enhancement in water is said to be due to t 
of the hydrogen atom in the liquid phase compared with that in the gas- 
phase. In the second reaction hydrogen bonding results in strong interactions 
between the solvent, water, and both the hydroxyl radical and the activated 
complex 11 2 OH , and their activity coefficients to a first approximation 
can be cancelled. Therefore, what remains is the high activity coefficient 
of H2 molecules in solution which results in an increase in the rate of 
reaction in water. Finally in the third reaction, since the activated 
complex COOý and the hydroxyl radical are again capable of"' hydrogen 
bonding with water, and it seems reasonable to assume that the activity 
*Y 
coefficients'S-YCOOLI Z OH is of the same magnitude as that for the other 
two reactions. This indicates that a high ratio for 
YCO will enhance the 
reaction rate. 
Table 3: Comparison of gas-phase and of liquid-plaase 
reaction rate constant at 25T 
Reaction kH 0 2 
k gas kH 0/"' cras 2 
H+D2 -* HD +D 8x 10 
5 2x 10 4 40 
Oli + 11 2H20+H Sx 10 
7 3x 10 6 17 
OH + CO COCH 6x 10 
8 1x 10 8 6 
There are therefore-, effects other than just concentration effect to 
take account of in the interpretation of reaction velocity data obtained in 
the solution phase. 
-8- 1 
1.4: The Rate-determining Step in Solution 
The process of reaction in solution is mainly concerned with three 
stages: 
1- diffusion of the reactants to one another 
the main reaction (reaction between reactants and formation of 
the activated complex and formation of the products) 
3- diffusion of products away from each other. 
The first step can not be the rate -determining step, firstly because 
the energy of activation for diffusion in the liquid phase is less than 
5K cal, but the energy of activation of most reactions is greater than 
10 K cal. Secondly, because of the relation between diffusion and 
viscosity, and the little or no effect of viscosity on the rate of reaction, 
it is very unlikely that the reactions in solution are diffusion-controlled. 
Therefore the second stage is the rate-determining step for reactions in 
solution. 
Therefore the solvent effect is due to the effect of solvents on 
the rate of the second step. Studies of -rate constants in different 
solvents are concerned with the interactions that occur between the 
solvent, and the reacting species. 
-9- 
1.5: Theory of Absolute Reaction Rates 
(16-21) 
This theory is based on the idea that the two reactant molecules, 
possessing the necessary energy of activation, come together, they first 
form an activated complex or transition state and this decomposes at a 
definite decompositicn rate to yeild the products of the reaction. The 
activated complex is assumed to be an ordinary molecule, which has a motion 
I 
along the reaction coordinate. On this assumption the derivation of the 
rate constant by statistical methods is possible. 
The change in the potential energy during a chemical reaction is 
represented in figure 1. 
For the reaction 
A+B M* -ý- products 
the main point is to calculate the -rate at which M* decomposes to the 
products. This rate is proportional to the concentration of the activated 
complex [M ] at the top of the energy barrier, thus the frequency of 
crossing the barrier can be presented by equation (1.7) 
Rate of Reaction = [M4] V C1.71 
where IM ] is the number of activated complexes in unit volume per unit of 
length of the reaction coordinate, and v representing the frequency at 
T 
which the activated complexes go through the top of the potential energy 
barrier to the products (, F is the mean velocity of crossing through a 
length k in the reaction coordinate which is taken as representing the 
activated state). The value of V represents the motion of the activated 
complex and also indicates the fraction of the number of activated 
complexes which successfully cross the barrier and end up on products. 
Cd 
4-) 
0 
Fig (1): Energy diagram showing the flow of activated complexes in the 
two directions. 
Reaction Coordinate 
-10- 1 
Therefore, it is necessary to use the partition tunction for the motion 
of the activated complexes. This motion is the main difference between 
activated complexes and normal molecules, because here, one of the degrees 
of vibrational freedom is replaced by translational motion along the reaction 
path. Therefore these molecules can be treated as normal molecules by 
using the factor of the partition function. So thatO instead of representing 
the concentration of the activated complex by IM 1, the expression 
-4- x 1/2 (27rm kT) 
-- C1.8) h 
should be used. The factor (2Tm 
x kT) 1/2 k/h is the partition function for 
translational motion and mx is the effective mass of the activated complex. 
I According to classical methods the mean velocity 7 in the direction 
x 1/2 of decomposition is equal to CIT/2um So equation (1.7) beco-mes 
Rate of Reaction = [, Mtj C2Trmxk, r) 
1/2t ITT 1/2 
*]kT 
.L= 
[M (1.9) 
MýA h 
Ihe importance of equation (1.9) is that the rate of the reaction is 
dependant only on temperature and independant of the nature of the reactants 
and the type of reaction 
16 
. 
As it is assumed that an equilibrium exists between the reactants 
and the activated complex, represented by equation (1-6), the equilibrium 
constant K may be written as 
rt KM1 (1.10) [A][B] 
assuming that the system behaves ideally so that concentrations may be 
used instead of activities. The concentration [M ] then may be represented 
as 
** : #[A] [B] K ci. ily 
Hence, substituting this into equation (1.9) gives 
Rate of Reaction = Ký[A][B]'IT C1.12) 
h 
This can be compared with the experimental rate of reaction, 
Experimental Rate of Reaction = k[A][B] (1.13) 
and hence from equation C1.12) ; ýTfd (1.13) equation (1.14) can be obtained 
izT e k 11 K (1.14) 
-11- 1 
In equation (1.14) K is not the true thermodynamic equilibrium 
gonstant because it is expressed in terms of concentration (Eqn. 1.10). 
The true equilibrium constant should be in terms of activities. 
ý# Y: r 
Hence, aM [M M K (1.1s) 
0- aA aB- rAIIBI ' YAYB 
where the y terms are the activity coefficients. By combining equations 
(1.9) and C1.15) the rate of reaction can be wTitten as 
4. y Rate of Reaction =K [A] [B] AYB (1.16) 
Y, 
and hence comparing equation (1.16) with equation (1.13) the rate of C> 
-reaction is given by 
k=k YA YB 
0 Yif 
(1.17) 
This equation involves the activity coefficients of A, B and M 
and can be used for aTri medium, where k0 is the reference rate constant 
when the activity coefficients are unity. The y terms indicate the 
deviation from the ideal reference rate constant. Any influence of the 
medium should therefore be reflected in the values of y. This influence 
can be shown in different ways. 
The velocity constant in solution or liquid-phase may be compared 
with that in the gas-phase. 
The rate constant may be determined fo r the reaction in different 
solvents. 
3-A mixed solvent system may be used and the rate may be determined 
for the reaction in different solvent compositions. 
In the first case the reaction in the gas phase and in the liquid 
phase may be represented in the following scheme, which includes the standard , 
free energy change on solution of the reactants and the activated co-niplex 
. G. - AG 
A(g) +B (g) AB products (g) 
AG 0 AG 0 AGol 
i, 
soln(A) sola(B) e- so 
In (At (1.18) I AG (so In) (-ý) 
Aýsoln) + -tc 
I 
soln) j-products 
-12- 
Hence for the reaction in the gas phase 
-Ae4= 
k 
g= 
tT 
e RT 
9 
(1.19) and for the reaction in solution, h 
kT soln k 
soln F- e 
RT (1-20). Therefore the ratio 
- [A 
(4ý) 
-A G k 
soln =e 
Coln 
RT 
9 
(1.21) kg 
: 0- AG 
soln(#) can 
be obtained by two routes - by the direct route 
ACsoln) + BCsoln) -----ABý and by the indirect route via the gas phase. Csoln) 
Values for the free energy changes on solution of the reactants and 
activated complex, to be used in equation (1.21) can be obtained as 
AGO- -4= =- AG 0 (A)'- AGO CB) + Adý 
(ý'-) 
+ AGO (At ) (1.22) Csoln) soln soln 9 soln 
[Aet - A(j'9t] = [AGO CABP) - (AGO CA) + AG 
0 (B)) ] (1.23) 
soln 9 soln soln soln 
If it is assumed that ideal condition exists in solution, and thus 
the value for the free energy change of solution is therefore the entropy 
change on solution, since AH soln = 0, then 
00 AG 
soln 
(AB) = -T AS soln 
(AB) , 
Cl. 24)_ 
AG 0 (A) = -T ASO (A), (1.25) soln soln 
and AG 0 (B) = -T ASO (B) (1.26) soln soln 
Hence k00 soln AS AB AS (A) Aso (B) 
_soln 
soln soln (1.271 
k9eRe, ReR 
and since the ideal situation has a maximum value for the entropy term of 
2 cal deg-' mole- 
1, 
then I<ý soln < 
(1.28) 
_k 
9 
Therefore under ideal or near ideal conditions the value for the reaction 
rate constant in solution should not be markedly different from that in the 
gas phase. 
Tables 23 of the solubility of gases and entropies of solution 
indicate that the values for ASom for a gas in organic liquids may vary goln 
-13- 1 
from AS +7 cal mol-ldeg-l to -10 cal mol- 
1 deg- I approximately. soln 
This indicates that the rate of reaction in the solution phase could be 
either greater than or less than the value in the gas phase. On the 
average therefore there is no marked trend in the rates of reaction in the 
solution phase as compared with the gas phase. 
In the second case, the effect of solvents on a reaction may be 
represented by the following scheme. 
Solvent 1, A (1) +B Cl) --" AB Cl) - products (1.29) 
Solvent 2A (2) +B C2) --ýAC2) - products (1.30) 
Then k1=. YA(l)YB(I)I YAM 
kk : i-- , 
(1.31) 
2 o(21 YABCI) YAC2)YB(2) 
If solvent Cl) is taken as the reference solvent the activity 
coefficients of the solvent Cl) become unity and then the relationship 
(1.31) becomes 
k2ko (2) YA (2! 
KO 
YB (2) 
(1.32) 
1 (1) YAf(2) 
Taking activity coefficients for Binary mixtures, they can vary markedly 
rmra than is usual for say electrolyte solutions. 
e. g. in a 0.6 molar solution of EtOAc in DIISO 
22 the value of the 
activity coefficients of EtOAc is C-3-0) yet the value of YEtOAc in MY 
aqueous solution is (-75) (see chapter 6). 
7his indicates that by simply changing the solvent the values of 
the, y, the activity coefficient, could cause a 10 fold change in the value 
of the reaction rate constant. 
In the third case the effects of changing the -relative amount of 
two solvents in a solvent mixture may be similarly sh6wn. 
Thus k2=k o(2) 
- fA(2)YB(2) 
k YA=134ýC21 
and kkk o(2) 
YA(2)YB(2) 
C1.34) 21kI YAIC2)- 
-14- 
If a reaction is studied in solvent pairs including one common solvent 
(e. g. water-alcohol, water-acetone, and water-dioxane), as a fraction of 
the amount of the second component, then the reference states k 
oC2)' 
and-k ocl) are 
identical, if pure water is taken as a solvent then 
kk 
YA(2)YB(2) C1.351 
21 YA: Bl--(2) 
Again the reaction can be studied for example in mixtures of water and 
dioxan. The activity coefficients quoted in the last section are again 
appTopriate showing that for 'r. Et, OAc from pure water to pure dimethyl- 
solfoxide the variation of rate is approximately -5. 
Hence again by simply changing the solvent composition, changes 
in the activity coefficient of the reacting species can produce significant- 
changes in the reaction rate constant. 
-is- 
1-6: Solvation 
From the previous section, in relation to the effect of solvents 
on reaction rates the solvation of reactants and the activated complex 
is therefore important. If a solvent solvates only the activated complex 
and not the reactants, the energy of activation will decrease and the 
rate of reaction will increase. On the other hand, if the activated 
complex is unaffected and the reactants are solvated the energy of activation 
will increase and thus the rate of reaction will decrease. These two 
forms of solvation are shown in Figs (2) and (3). Furthermore, if both 
the reactants and the activated complex are solvated the rate could 
remain irichanged and there is little or no influence by the solvent. Finally 
solvation of products does not affect the rate of reaction directly, 
because the activated complex theory for rates of reaction does not include 
a term for the products. 
24. 
A qualitative theory has been proposed by Hughes and Ingold They 
have classified reactions such as the solvolysis of alkyl halides and the 
decomposition of quarternary ammonium salts in the nucleophilic substitu- 
tion group of -reactions. From this large group of reactions, the role of 
solvent can be seen more clearly if the group is sub-divided according 
25 to charge-type . Their theory explains the effect of solvation 
basicly as 
an electrostatic phenomenon. 'When an ion or polar molecule is placed in a 
polar solvent, the ion or polar molecule attracts the molecules of the 
solvent, and in doing so induces a work term. This term is reflected in 
the free energy of solution of the ion or polar molecule, and through this 
the energy of activation on the potential energy diagram (at this point, 
compensating changes in the entropy of activation may occur, but the theory 
assumes that the rate of reaction is altered by the energy changes 
. 
). Therefore the change in the rate of reaction is due to qualitatively 
the polarity of solvent cmd react3. ng species. That is, in a polar solvent, 
the rate of -reaction will increase if the activated complex is more polar 
Ell 
-4 
Cd 
. rq 
4J 
0 
1: 1. 
Reaction Coordinate 
Fig C2): Solvation of the Activated Complex 
4-) 
4J 
0 
0. 
Reaction Coordinate 
Fig (3): Solvation of the Initial State 
-1 6- 
than the initial state, and will decrease if the activated complex is less 
polar than the initial state. The theory makes the following assumptions 
1- Solvation will increase with magnitude of the charge. 
2- Solvation will decrease with increasing dispersal of the charge. 
3- Solvation will increase with the molecular dipole moment of - 
the solvent. 
4- Solvation will decrease with increasing the thickness of 
shielding of the dipole charges. 
Table C4) shows the concept of the above discussion for unimolecular 
and Molecular reactions. 
24 The solvents used by Hughes and Ingold were in the main, hydrogen- 
bonding organic solvents. Me concepts of Hughes and Ingold can be 
extended to include Parker's concept 
32 
of the use of dipolar aprotic 
solvents, which produce different effects. In the case of the former group 
of solvents charge density is important whereas in the latter case 
polarizibility of the solvated molecule is important. There is also a 
third group of solvents, those with a low polarity or dielectric constant 
which have less effectibecause of their low polarity, in solution. 
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1.7: Molecule-Molecule Reactions 
The effect of solvents on the rate of reaction between two molecules 
is dependant upon the short-range var. der Waals or London (dispersion) 
forces, and the long-range forces, which are due to electrostatic attraction 
of polar group. These latter forces are of great magnitude only for 
molecules of high dipole moments. 
Two approaches have been used to relate these intermolecular forces 
and solvent effects of reaction in solution. The first approach takes 
account of the concept of internal pressure, or cohesion, of a solvent and 
the second approach takes account of the effect of changing of the 
dielectric constant of the mediun by changing the solvent for reactions 
between polar molecules. 
1.7.1: Reaction Rate and Internal Pressure 
C2,4) 
In the van der Waals treatment of the behaviour of real gases the 
term a is a measure of attractive force of the molecules. This is called 
2 
v 
the cohesion pressure cr the internal pressure of the gas or liquid. One 
method of estimating the internal pressure is to use the concept of the 
energy of vaporization per unit volume. If the energy of vaporization 
is represented by E and the molar volume by V then the internal pressure 
is assumed to be equal to AE v /V. 
In a two component liquid mixture the activity coefficient (y) of 
either component will be dependant on the internal pressures of the two 
pure components. 
, 
C23,33) I Van Laar derived an equation for the heat of mixing of two 
components involving the a/v 
2 
term. This equation is'writtcn as 
Mx1v VX2 v2a1 1/2 a2 1/2 2 AH =( C-P (-I -P (1.36). 
1122v1v2 
where LO is the heat of mixing, a,, vl, and x1 are the van der Waals 
constant a, the molar volume and the mole fraction of component one in the 
mixture. a 2" v2 andx 2 are similarly the van der VIAals constant, the molar 
volume and the mole fraction Of componant 2. 
.48. 
Hilderbrand and Wood 
(23,34) derived a similar equatien 
AE v AE v2 
Ao = cx Iv1+X2v 2) 
(( 1 1/2 2 112 
ýp t Cl. 37) v12 2 
where ý1 and 02 are the volume fractions of components 1 and -1 and are 
equal to x1v1 /(x 1v1+X2v2) and x 2v2/(x, v1+X2v2) respectively. The term 
E/v replaces the term a/v 
2 in the previous equation. It is assumed that the 
mixture behaves as a regular solution, i. e. the entropy of mixing is ideal 
and can be written as 
ASM = -R Cx 1 ln x1+X 2' ln x 2) 
Cl. 38) 
AGM, free energy of mixing is also given by the following aquation 
M AG = RT Cx 1 ln aI+X2 ln a 2) 
Cl. 39) 
where a1 and a2 are the activities of the components of the mixture and are 
equal to x lyl and x 2Y2 resyectively, where y's represent the activity 
coefficient term. 
Now combining equations C1.36), (1.33) and CI. 39) and equation 
AGM AO TASM C1.40) it follows that 
x1v fxýV2 
RT(x 1 
In a1+x2 In a 2) = -Cx, v1+x2; V2) -02 
1/2 
_ (E 
1/2 
+ RT (x x+Xx 
((E 
1 /V 1 '2/v2) 1 In 12 In 2 
(1.41) 
and therefore 
2 
RT(x In yl + In 
x lvfx2v2 E /v 1/2 _ (E /v ) 
1/2) 
1 X2 Y2) =xIvI+X2v2 
(( 
122 
Cl. 42) 
where xI and x2 are the mole fractions of solute and solvent, v, and v2 
their molar volumes and EI and E2 the energies of vaporization cf solute 
and solvent in the pure states respectively. 
For dilute solution xI is small and the term x1v1 for the solute 
may be neglected in comparison with x2v2 for the solvent and y2=1, 
-19- 
accordingly x2 lny 2Z0. Therefore equation 
(1.42) becomes(34-5) 
E1 1/2 E2 1/2 2 RT ln yv-(: -: =) 1 (1.43) v 2 
thus 
RT In yv 
1/2 1/2 )2=v (1.44) 1 (P1 '- P2 1 
where A= (p, 
1/2 
_ P2 
1/2 )2 and p, and P2 are the terms (El/v, )1/2 and* 
(E 2/v2) 
1/2 
respectively. 
By using equation k= ko 
YAYB 
- 
and taking logarithms 
7 g` 
In k= In ko + In YA + In Y.. - In Yr (1.45) 
where ko is the rate of the reaction in the ideal solution. By inserting 
the y terms from equation (1.44) in equation (1.45) for the reaction 
A+BM -* products C1.46) 
it follows that 
RT ln k= RT ln ko +VA+VA-V -*A (1.47) AABBI Lv 
Equation (1.47) indicates that the reaction velocity in a regular 
solution changes with molar volumes and the internal pressure differences 
between each reactant species and the solvent. Therefore the rate will be 
dependant on the internal pressure term as follows: 
1- Solvents with high coliesion accelerate the reaction in which the 
activated complex has higher cohesion than the reactants. In other words 
if the solvent is one of low internal pressure, and the reactants have a low 
internal pressure and the transition state a high internal pressure, then the 
term (V A+VA) will be less than V*6 AABB Hence k is less than ko. By 
carrying out the reaction in another solvent of high internal pressure 
the V term will become greater than VtAfand k will increase. AAA 4' VB'ý B ff-M 
Therefore changing the solvent from a lower internal pressure to another 
solvent of higher internal pressure will accellerate the reaction . 
2- Solvents with high cohesion retard the reaction in which the 
activated complex has lower cohesion than the reactants. 
* The molar. volumes do not change greatly. 
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3- Solvents which have the same cohesion as the activated complex aad 
reactants will have little effect on the rate. 
It is worth noting that polar liquids have high energy of vaporization 
and hence there is a correlation between the 
Hilderbrand and Scott, and the polarity fact, 
The theoretical conclusions were first 
Richardson and Soper 
36 
, using existing data. 
internal pressure factor of 
(23,26) 
or of Hughes and Ingold 
supported by the work of 
In order to show the effect of 
the internal pressure on the rate, the following reactions are studied. 
First, in the formation of a quarternary ammonium salt from a tertiary 
amine and an alkyl halide 
13 
p 
NR + R' I- Nl; ( R+ +I 33 
the internal pressure of the activated complex is believed to be greater 
than the internal pressures of the reactmits because of their polarity. 
Secondly, in the reaction of ethyl alcohol and acetic anhydride 
37 
2 CH CO 
2C H OH +0 2CH COOC H+H, )O 25 CH 3 CO/ 
325d. 
the internal pressures of the reactants are expected to be higher than the 
internal pressure of the activated complex because ethyl acetate is less 
polar that the reactants. Therefore these reactions must show opposite 
directions for the solvent effect. This is the case, and the results are 
shown in Table (5), in which the solvent's internal pressure increases 
roughly in the order given. 
Iliere are, however, deviations which are due to the fact that equation 
(1.36) was obtained for regular solutims and electrostatic forces were neglected. 
Table 5: Influence of the internal pressure of the solvent on the rat es 
(E/V) 1/2 Triethylamine and Acetic anhydride 
Solvent I/^ cal 4 ml-1/2 ethyl iodide and 
(a) (1000C) ethyl alcohol (. 500C) 
Hexane 7.30 0.00018 0.0119 
Carbon tetrachloride 8.6 . ..... 0.0113 Chlorobenzene 9.5 : 0 023 0.0053 
Benzene 9.2 0.0058 0.0046 
Chloroform 9.3 ....... 0.0040 Anisole 9.8 0.040 0.0029 
Nitrobenzene 11.1 70.1 0.0024 
(a) at 250C ref C-38) 
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1.7.2: Reaction Between Dipolar Molecules 
(Effect of Dielectric Constant) 
In addition to the existence of van der Waals forces, electrostatic 
forces will exist between dipolar molecules. Therefore these dipole- 
dipole interactions can influence the rate of reaction. The parameter 
which varies the dipole-dipole interactions is that of the dielectric 
constant of medium. Various studies have been carried out in which the 
dielectric constant of the medium has been changed in order to illustrate 
the effect of the dielectric constant of the solvent on the rate of reaction 
between dipolar molecules 
(18,39) 
. 
1.7.2.1: Laidler and Eyring's Equation In the case of dipolar 
molecules, van der Waals forces as well as electrostatic dipolar forces 
are therefore important. However, Laidler and Eyring 
18 believe that in 
very strongly polar solvents, the electrostatic forces are greater than 
non-electrostatic ones. In order to justify this, they deduced an 
expression relating the activity coefficient of a substance to the 
dielectric constant of the medium and experimentally tested the 
relationship. Laidler and Eyring used Kirkwood's equation 
40 for 
transfering a strong dipole with a symmetrical charge distribution in the C, 
molecule from vacuum to a medium of dielectric constant Dfa., * 
AF = IT In y=_ 112 /r 
31 Do- 1 
Cl. 48) 
where 11 is dipole moment, r the radius of the molecule and y the activity 
coefficient of the molecule in the medium of dielectric constant Do - 
In equation (1.48) a correction term, 0, is used by Laidler and 
Eyring for the non-electrostatic effects and equation (1.48) becomes 
2 
AF = RT In y= _'P 
DO- 1+ 
r 
and using -the y terms for the reaction 
A+B =M products C1.50) 
in the velocity constant equation, k= ko 
Y', 
'YB,. the effect of medium on 
after the dipolar molecules have been added. 
-22- 
the rate is written as 2 
11 13 MI Am In k= In ko Do -1A+ IT 2DO +1E: 'ý_ + -3 3* 
ArBrm 
Equation (1.51) shows the effect of both electrostatic and non-electrostatic 
forces on the rate of reaction. If the non-electrostatic forces are small 
a plot of Ink versus Dd-l should be a straight line. Laidler and Eyring 
21#1 
used the data from the following experiments , assuming that D ='D where D is the dielectric constant of the pure solvent and Do that Ofothe solution. 
a) The reactions of, firstly pyridine and benzyl bromide, and 
secondly, trimethylamine and benzylbromide, in alcohol-benzene mixtures 
(Fig 4) 
41 
and the same reactions in benzen,. --nitrobenzene mixtures 
24 b) The hydrolysis of tert-butyl chloride 
42 
c) The acid catalyzed hydrolysis of orthoformic ester 
d) The alkaline hydrolysis of ethyl benzoate 
43 
. 
Fig C4) shows the linear relationship between In k and D-1. 
2D+l 
Reactions between pyrdine and benzyl bromide and between triethylamine and 
benzyl bromide in benzene-nitrobenzene 
mixtures show somewhat peculiar behaviour and considerable deviation 
from linearity. Fig (5) shows a plot of these data. Laidler and Eyring 
deduced that, in this mixture, the nonelectrostatic forces play an 
important part and the 1ý terms can not be neglected. 
1.7.2.2: The Amis Equation An alternative approach was used by 
39 Amis . He used Coulomb's Law in order to interpret the qualitative 
and quantitative effects of dielectric constant of a meditmi on the rate 
of reaction between two polar molecules. 
The mutual potential energy (Coulombic energy), Ec, between two 
dipolar molecules is 
Ec c2p1 
112 Cos 01 cose 2 111 'P2 SinO 1 SinO 2 C1.52) 
Dr 3 Dr 3 
where'jý and jj2 are dipole moments, e 1. and 
e2 are the angles of the dipole 
axes and the axis which connects the centres of the two molecules, CFig 6), 
D dielectric constant and r the minimum distance of approach for the 
two dipoles to react. In the ýLbove equation all powers higher than the 
4.0 
3.5 
10 
3.0 
IXI(2) 
(2) 
2. S 
.2 .3 
D-1 
2D +1 
Fig C4) : ln k vs (D - 1)/(2D + 1) in ethanol-benzene at 29'OC 
(1) Triethylamine and benzyl bromide. 
(2) Pyridine and benzyl bromide. 
4.5 
4.0 
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ýo 
3.0 
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(A) 
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.2 .3 .4 
(D - 1)/(2D + 1) 
Fig (S): Plot of log k' against D-1 for 
2D +I 
(A) Triethylamine and benzyl bromide, and 
CB) Pyridine and benzyl bromide 
in benzene-nitrobenzene mixtures at 29*C 
Fig (6): Dipolar interaction (b *distance between the molecules). 
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second power of distances of separation of charge centres in dipoles 
have been neglected. When e1=02 `ý 0, which is the mutual potential 
energy for head-on alignment, equation (1.52) reduces to 
2 11 1112 Ec =-, 3 
and this energy in two different inedia, will be 
2p 1112 ABC=-(' 
r3D 2' 
D 
7he energies of activation for the reaction in the media of D1 and 
D2 are as follows 
ED 2 kD Z exp C-- 2 ReTP 
also 
kD Z exp 
ED 1 
but Amis assumes that 
ED 1= ED 2+ 
AE 
(1.55) 
Cl. 56) 
(l. S7) 
Therefore, using equation C1.55) and taking logarithm and substituting 
equation (1.57) into the equation 
ln kD 2 ý* ln Z- 
ED I AE c 
RT RT 
Therefore 
LE 
In kD = In kD c 21 ff 
Now, combining equations (1.54) and (1.59) 
1n kD In kD 1"? (1 -1 213D t-)- RTr 21 
(1.58) 
(1.59) 
(1.601 
The symbols DI and D2 are the dielectric constant of two different media. 
The reference state can be taken as that of a meditun of infinite 
dielectric constant (D 2 ), and putting D1 equal to D, the 
dielectric 
constant of experimental mediunj therefore equation C1.60) can be 
written as 
In k- = In kD . 
21il'12NO 
RTr 3D 
(1.61)_ 
-24- 
and finally 
in kD = in koo - 
2111112NO 
RTr 3D 
(1.62) 
According to equation (1.62), the plot of ln k versus I should be a 
iT 
straight line, and knowing the dipole moments of the rea! ctantsj the value 
of r can be determined. This equation also predicts an increase of 
In kD as D increases. 
In Fig C7), the data of Hughes 
24 for the hydrolysis of tert-butyl 
chloride in water-ethanol mixtures at 25*C are shown. The plot is linear 
and Amis by using the known dipolem. ents 
44 
of the reactants calculated the 
value of r to be 0.75 x 10-8 cm which is low by a factor of 4 or S. But 
the simplicity of equation (1.62), in spite of the approximations that 
were made in its derivation, illustrates the effect of dielectric constant 
on the rate of reaction. 
4. oO 
3.50 
3.00 
bý 2.50 0 r-1 
+ 2.00 
vi 
1.50 
1.00 
. 50 L-- 1.00 2.00 3.00 4.00 
100/D 
Fig (7): Me reaction of tert-butyl chloride with water at 2S*C 
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1.8: Ion-Ion Reactions 
The effect of the solvent on the rates. of ionic reactions has been 
treated by Scatchard 
45 
, Christiansen 
46 
, Laidler- Eyring 
(2,6,18) 
and 
47 Amis . These approaches will be discussed in detail. 
1.8.1: Scatchard's Equation 
Scatchard, following the Debye-Huckel treatment of the activity 
coefficients of ions obtained the expression for the electrical potential 
ý as a function of the distance, in the vicinity of an ion. 
The expression for ý is 
Z i. e ex(ai - r) 
-Dr 1+xa. 
I 
(1.63) 
where Zj is the valence of ion i, e the electronic charge, D the dielectric 
constant, r is the distance from the central ion, a. is the distance of I 
closest approach of ion to the central ion and x is equal to 
I 
22 1/2 
X Tre lniZl' DRT 
where n-j is the concentration of the ions. 
In equation (1.63)'if r=ai', equation C1.65) will be obtained 
tPa - 
Zi e. I Zi. e Zi-e ,X_ (1.65) i Da iI+ Xa-j 2: b7a-i -DI+ Xa-, 
which shows that the total potential consists of two parts, the first 
term is the potential of the ion itself and it is not dependant upon the 
concentration, and the second term is the potential due to the ionic 
atmosphere and is a function of concentration. So by applying equation 
(1.63) to the calculation of the activity coefficients of ions participating 
in a reaction, then both the effect of the dielectric constant and the 
ionic strength on the rate can be worked out as follows: 
The activity coefficient of an ion can be calculated from the 
following equation 
-26- 
Z. e 
0 
F= IT in Yj d(Z,, e) Cl. 66) 
where F is the electrical energy required to charge the ion in presence 
of ionic atmosphere. 
From equation C1.63) and C1.66) the activity coefficient is givýn, 
22 
In yzIe 
exp[x(air)] C1.67) 
2DkTC1 + Xi-)-r- 
and for the reaction A+B 'M -. >. products (1.68) 
ZA2+ ZB 2- (ZA +Z B) 
2 ? 
ex 
(a r) 4AZ13e2 ex 
Ca'i r) 
n 
Y&Y-B 
=II V 2DRT (I + Xa i D-kT 
(1 + Xa r 
C1.68) 
In the limiting case of zero ionic strength (x =0) 
then 
In 
YAYB zAzB e2 
- -Dkrr Yý 
(1.69) 
By applying the Bronsted 
48 
equation and taking Do as the standard 
reference state, where the activity coefficients of reactants and the 
activated complex become unity, then the velocity constant equation becomes . 
In k= In ko + In 
LAY-B 
= In ko + (1 -I y -t 'kTr Do m 
Equation (1.70) predicts that the rate of reaction increases for 
ions of like charge and decreases for ions of imlike charge by increasing 
the dielectric constant of the mediun. 
The reference dielectric constant can be chosen as either unity, which 
is the dielectric constant of the gas-phase 
2, 
and therefore equation 
C1.70) becomes 
ZA % e2 
ln k= ln ko +k-. F, - (1- j'; -) 
or as infinity, and in this case equation (1.70) becomes 
. In k= In ko 
ZAZ 13 e2 (1.72) 
-k Tr D 
In each of the above two cases the condition for activity coefficients 
of unity would be different. 
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To test the theory, Amis and LaMer 
49 
used the data for the reaction 
between the bromophenolsulfonphthalein ion (the divalent negative ion) 
and the hydroxide ion (the univalent negative ion) in the mixtures of 
ethylalcohol-water and methyl alcohol-water. 11hen plots of log k 
against l/D for the reaction are shown in Fig (8). They are straight lines 
down to a dielectric constant of about 65 with negative slopes. Thus 
the results are in agreement with the theory. Furthermore they calculated 
the values of r, the distance of approach for the two ions to. Teact, from 
- -8 -8 the slopes of the plots and found r to be 1.22 x 10 cm and 1.49-x 10 cm 
for the (tetrab-romophenolsulfmph4ýhalein ion hydroxide ion) reaction in 
water-ethylalcohol and water-methyl alcohol respectively. 
Also Amis and Price 
so 
applied the data of other workersC"-') for 
the ionic reaction of ammonium ion and cyanate ion in aqu eous-methyl 
alcohol and in aqueous-glycol mixtures. The plots are represented in 
Fig (9). Again, they are straight lines especially in the regions of 
higher dielectric constants with positive slopes. In addition, they 
88 estimated the vlaues of r=2.2 x 10- cm and 2.5 x 10- for the reaction in 
the mixtures of water-methyl alcohol and water-glycol respectively. 1bus 
it appears that the results are in agreement with the theory. 
I 
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log k . 80 
40 
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13.0 14.8 16.6 3 18.4 1/D x 10 
Fig (8): Plots of log k vs I/D at 25*C for the unlike sign ionic reaction 
in CH 3 OH -H20 (1) and C2H5 OH -H20 
(2). 
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Fig Plots of log k vs I/D for the like sign ionic reaction at 30*C 
in (1) water-methyl alcohol and (2) water-glycol. 
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(2,6,18) 1.8.2: The Laidle-r-Ey6ring Eq ation 
I 
These authors consider the following reaction 
IL z : kCZA + ZB) AA+B ý-- M products C1.73) 
where Z is the valence. They use the equation below for the specific 
velocity constant Cassuming a transmission coefficient of unity). 
, t, T -, 
JF YATB 
in k= in Kd + in Cl. 74) h M 
where Y is activity coefficient, and the ideal state for this equation 
(i. e. where the activity coefficients are unity) is that of a dilute 
gas. Therefore the activity coefficient term is divided into two parts, in 
order to relate the conditions in a real solution of finite ionic strength 
to the ideal state of a dilute'gas. One is the activity coefficient of 
the infinitely dilute solution with reference to the dilute gas, and the 
other is the activity coefficient of the -real solution with reference to 
the infinitely dilute solution. However, the latter is not of great 
importance, since in work on solvent effects dilute solutions are used. 
Laidler and Eyring have applied the following equation for the 
total free energy of transfer of an ion from a vacuum to a medium of 
dielectric constant D. The equation is 
AP Z2 e2/2r . 0/ + Z2 
2 
e /2rD + 0// C1.75) 
Equation C1.75) consists of four parts which are explained as 
follows: 
a) the term -Z2e2 /2r, according to the Born equation, this energy 
is that of discharging the ion in a vacuum. 
b) D/, by transfering the uncharged particle to an infinitely dilute 
solution, forces such as van der Waals interactions influence the particle 
and therefore the term 0/ is inserted into the equation. 
c) the term Z 
2e2 /2rD, in the solution, the uncharged radical is 
recharged which brings about the inclusion of this term in the equation 
d) (D this term characterizes the o-rientation of the dipoles 
around the charged ions in the solution. 
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Therefore the process as a whole is expressed by electrostatic and 
non-electrostatic effects. 
From equation (1.75) the activity coefficient for any ion is 
obtainable i. e.: 2 
In 
zI e2 1+0 (1.76) 
2kTr. (b-- 1) + 1T 
I 
Using the velocity constant equation (1.74) 
In k= In 1-1 Ko4 + In 
YAYB (1.77) 
hY --# M 
Then, since In 
YAYB 
from equation (1.76) will be V22 
YAYB 
= e2 
z+z (z +z2 1AA B) + ZD (1.78) In 
yt 2kT Tr KT- MA le 
equation C1.74) becomes 22 
, ýT e1 
ZA B CZA + ZB C ji_ Ko + In k= In 
4- + 
EO 
XT 
(=D- ir 
rr 1T ABM 
(1.79) 
Laidler and Eypring applied this relation to the data of the reaction 
7 
between bromoacetate and thiosulfate in aqueous solution . The plot of 
log k against the values of I/D is a straight line (Fig 10) with a 
negative slope at the higher dielectric constant 'region. The values of 
r, r and r# also foun d to be 1.7 A" (thiosulfate), 3.3 A* (bromaletate) ABM 
and 5.0 A* (the activated complex) respectively at 250C. 
It is worth mentioning that, equation (1.79) apart from the last term 
which is the non-electrostatic part, will be identical with the Scatchard 
equation, if 
4: 
TA *ý r. = rM 
1.8.3: The Amis Equation 
47 Anzis ' has used Coulomb's Law in order to explain the effect of 
dielectric constant of the solvent on the reaction rate. The energy that 
is necessary to bring the two reactants'to a reacting distance Cr), can be 
calculated in the following way. The Coulomb's force equation for the 
two ions is 
F=z1z2 
e2 C1.80) 
Dr 2 
where Z1 and Z2 are the valences of the ions and e is the electronic charge. 
-0.25 
log k 
-0.5 
1/D 
Fig (10): Plot of log k vs 1/D, for the-reactior. between bromoacetate 
and thiosulfate ions in aquous solution. 
0.010 0.015 
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The Coulombic energy is given by the expression 
Fdr = 
/r co Bdr = 
71 Z2 e2 dr Z, Z2 62 
D -, 
/-, 
2 Dr r 
To calculate the rate constant in two different media, the equation 
tE 
D2 ý'" 
tE- 
Dl + 
tE 
c 
(1.82) 
can be used, where tE is the Coulombic energy of activation term and Ca 
h. - D1 
"and LE 
D2 represent the activation erergies 
in the two media Of 
dielectric constant D1 and D2 respectively. 
Then from equation C1.81) LE C can be written as 
AE C=r 
Cl/D2 - I/D2) 
Vnere 140 is the Avogadro's number. 
Now using the Arrhenius equation for each medium, 
In k In Z 
LED2 
(1.84)' 
D2 32 AE RT 
and In k Dl ý In Z 
DI (1.85) 
RT 
Then AEC 
ln k D2 '2 ln k Dl RT 
Cl. 86) 
Cassuming that r is constant) 
Thus substituting AE C from equation (1.82) 
into equation (1.86) yields 
4 e2 "Z NOI 211 In k In k- iý 17) D2 ý' Dl BTr 
(ý-2 Dl 
(1.87) 
If D2 is taken as infinity as a reference state, equation (1.87) becomes 
ln k ln k-Z1Z2 
e2 
88) 
D Co t Tr D 
where k, is the rate constant at zero ionic StTength and infinite 03 
di. electric constant. 
According to equation C1.88) the plot of ln k versus I/D would be 
a straiarht line with positive Slope for the ions of opposite sign and 
negative slope for like sign. 
In this approach, only Coulomb's Law is used and an intermediate 
activated complex need not be involved. 
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1.8.4: Christiansen's Theory 
Christiansen's 
(3, Sw46) 
approach in the treatment of the kinetics of 
ionic reactions is based upon the gas collision theory expression for 
the velocity of reaction: 
Rate of Reaction =CACBz0 exp C-Fn/kT) (1.89) 
where En is the activation energy for the molecules A and B, ZO is the 
standard collision frequency, and CA and CB represent the concentrations 
of A and B respectively. 
Christiansen adapted this equation to reactions in solution by 
making an allowance for the orientation effect, and for the possibility 
of the deactivation of the active complex in the solvent. The reaction 
velocity can be written as 
Rate of Reaction =CCZ00-p exp(-P n/kT) (1.90) ABp+ EN .C. 
where Q is the steric factor and pis the probability that an activated 
complex will react and goes through the top of the energy barrier. EN 1C1 
is 
the probability of deactivation of the complex to the reactants by 
molecules of concentration C each with an individual probability N. 
The term P' can be simplified because in solutions of very P, + IN C 
low concentration it approaches unity and in solutions of high concentration 
it approaches -- Also the steric factor becomes nearly unity for EN iIC i 
small and symmetrical molecules. Thus equation C1.90) for solutions of 
very small concentrations in caSe'of ionic reactions becomes 
-E n Rate of Reactions =CC ZO expC- C1.9l)- AB iN. 
which is identical with equation C1.891 
The second point in Christiansen's theory is the adaptation of 
equation (1.91.1 for ionic reactions where there is an ionic fi-eld. The 
concentrations of A and B CC A and C,, ) in the vicinity of colliding 
reactant ions in equation (1.91) are not the bulk concentrations Cq I and A 
and can be calculated by means of the Debye theory, 
-32- 
cA=cA/. exp (- ZAeýB /kT) (1.92) 
where ý is the electrostatic potential of a distance r from ion B, ZA is 
the valence of ion A, and e is the electronic charge. The value of * is 
given by the equation 
Ze 
exp (-xr) 
In this equation D is the dielectric constant of the medium, and 
x is the Debye-Huckel teTm and can be wTitten as 
x=e( 
81TNol 1/2 
. C1.94) 
where I is the ionic strength and No car. be estimated from the eiTression 
ni = CNo/1000)C,, where ni is the concentration of ions, expressed in ions 
per cm. 
3 
and C1 is the ionic concentration in gram-ions per litre of 
solution. 
Scatchard 45 uses the fuller form of equation C1.93) which has been 
mentioned in section 1.8.1 (Eqn 1.631. 
Now it is condideTed that the collisions aTe made by all molecules 
of A against one molecule of B, the concentration of ions A at a distance 
r from the central ion B is not C A' the bulk concentration, but according 
to equations Cl. 92), (1.93) and C1.94) at zero ionic strength is 
C exp 
ZAAB e2 
)v Substituting this equation into equation (1.91), the A C- br -k T 
rate of reaction at infinite dilution becomes, 2 
Rate of Reaction =CCZ0 exp C- 
E 
ýý e' C- 
ZA zip 
C1.951 AB ly, XP T Dr IT 
It is worth adding that the same equation will be obtained if-the 
collisions of molecules of type B against one molecule of type A are 
considered. Then the replacement of CB of the'gas collision equation by 
zAz Be2 CB exp (, - Dr 1ý T) will become necessary. 
Finally from equation (1.95) and (1.89) 
ln k= ln ko -zAzB 
e2 
Dr kT (1.96) 
Ilius Christians-on avoids the feactors of concentrations o. -0 an activated 
complex, and takes as his basic point the distribution of concentrations of 
-33- 
Lons from consideration of interionic attractions in solution; and arrives 
at an equation identical with the previous equations. 
1.8.5: Application of the Theories 
According to the theories, a plot of ln k against l/D should yield 
a straight line with a positive slope if the charges of the ions are of 
opposite sign, and negative slope if the charges are of the same sign. For 
the purposes of comparison, some data are listed in Table C6). These data 
all agree with the theories and the values of the radii are of the right 
order of magnitudes. Deviations from the linearity have been found at 
low dielectric constant. These may be due to the following difficultieSS3 . 
1- The solvent was treated as a homogenous medium of uniform 
dielectric constant when using aqueous organic solvent mixtures. to vary the 
dielectric constant. At low dielectric constant in aqueous mixtures, the 
molecules of water will be preferentially oriented around the ions. Therefore 
-the dielectric constant in the vicinity of -the ions will be greater than that 
in the bulk. The experimental results (Figures 8 and 10) which have been 
obtained in solvent mixtures of low dielectric constant show deviations 
from the predictions of the above theories and confirm the orientation 
effect, and the preferential attraction of water molecules around each ion. 
This phenomenon, at high dielectric constant is not of great importance, 
since the difference between the dielectric constant in the bulk and that 
around the ion is less. 
2- The association of the ions i. e. ion-pairing, begins to become 
important at low dielectric constant and the net concentration of ions 
can not therefore,, in this case, be measured easily. 
-33- 
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1.9: Ion-molecule Reactions. 
Due to the existence of electrical forces between ions and dipolar 
molecules and given that these forces are influenced by the dielectric 
constant of the solvent, then changing the solvent medium will effect ion- 
nolecule reactions in solution. The effect of a solvent can be pronounced 
and should be calculable. There are a number of theories which calculate 
this effect. These theories include those of Laidler and Eyring, Amis and 
Jaffe, and Amis. 
1.9.1: The Laidler-Eyring Equation 18 
Laidler and Eyring consider the following reaction 
ZA 01 Z-A A+BN products (1.97) 
where ZA is the charge of the ion A, B is the dipolar molecule and M 
is the activated complex. To derive an expression for the effect of ionic 
strength. and dielectric constant of a solvent on the rate of the reaction, 
they use the velocity constant equation, k= ko 
YA YB 
(1.98) 
.I 
and estimate the values of y for the reacting species. 
For the activity coefficients of the ions A and M Cthe activated 
complex), they consider the free energy of transfer of an ion from vacuum 
CD = 1) to a medium of dielectric constant D and ionic strength, I. Based 
on this, the activity coefficients of A and M using equation 
AG tT lnY can therefore be written as 
ln. Y 
ZA? e2 
(1 
ZA? e2 x+bI+ OA C1.99) A 2rAkT 5- 2DkT I+aA tT 
and 
ln y _ZA20'7 
KA? e 
2x+ 
b& + (1.100) mý rý -k'F D 2DkT 1+ ap kT rr 
where b and b4are constant, x is the Debye Kappa and a is the distance Aa- 
of closest approach to the reacting species. The terms considered in 0 
equations (1.99) and (1.100) are described as follows: 
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a) the first term is the free energy of discharging an ion in a 
vacuum and the free'energ of recharging the uncharged particle in the .Y 
medium of dielectric ; onstant D. 
b) the second term shows the effect of the-ionic potential upon an 
ion. 
c) the third term is the semiempirical Huckel term and indicates 
the ionic strength effect on the activity coefficients of the ions. 
d) the term llýD/kTll shows the nonelectrostatic effects. 
For the molecule B, YB 's calculated from the free energy of transfer 
of a neutral molecule from a vacuum to a medium of dielectric constant 
D0, (F 1 ). and tho 
free energy change which is due to adding ions to the 
solution CF 2 ). Th ere are two energy terms 
involved, therefore one CFlj 
which is given by the Kirkwood's 
40 
equation with some modifications by 
Laidler and Eyring, and is equal to: 
ý2 
Do -1 F 'kT ln 3 2Do +I+ 
(1.1011 
rB 
where pB is the dipole moment of the molecule and rB is the radius of the 
molecule. The other energy term (F 2) is brought about by the change in the 
dielectric constant by the addition of ions, and is given by the expression 
of Debye and McAulay 
58 
P 
-22 ae Zn F =. kT ln f=Ei (1.102) 2 2D 
where ni is the number of ions per cm 
3, Z is the valence, r the radius of 
the ions. & is defined by D= Do(l - ýxiB), where Do is the dielectric 
constant of the pure solvent, D that of the solution-containing na molecules 
of the dipolar molecule per cubic centimeter. In equation (1.102) taking 
the ri as r, the average value of Irils, and I= 1/2 Zi 
2 
ni F2 can be 
written as 
-2 
F= ae I Cl. 103) 2 Dr 
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The activity coefficient of the molecule B is therefore determined by the 
equation F=F1+F2ý IT In y. Consequently 
In y= F/kT =- 1/kT- 
. 112B 
I Do -13+ 
ae2 
I+ 
OB_ 
(1.1041 
3 Wo +I D-kTr U 
B 
Substituting equations (1.99), Cl. 100) and C1.104) into equation (1-98) 
the reaction rate becomes 
ZA2e 21 ZA2e 
2xx 
In k= In k0+ 2kT 
C-61- 1) q-. -- 
ý-) 
- 
A 79 
D0-1-2 OA + OM* 
(1.105) b -t- + &; i; ) IT *r3 2D 
o 
--; -l) + CbA M DAT 
Since at I--,. o (I = ionic strength) the effect of the ionic atmosphere 
becomes small, aA and aP can be assumed to be approximately equal and 
therefore equation (1.105) reduces to 
1 Do -1B+ ln k= ln ko +1r 
-T U 2Do +1 AmrB 
2 'D * 
Cb -b+ -2e I+A+ 
'DB M C1.106) 
Am DM kT 
Equation (1.106) predicts the effect of the dielectric constant and 
the ionic strength of the solvent on the reaction Tate. According to this 
equation, at constant D (dielectric constant) and appreciable concentrations 
the dependence of In k upon I, instead of upon the rl, in case of ionic 
reactions, is linear. At zero ionic stVn'gth, equation (1.106) reduces to 
72 22 'A eIC111B 120 In k= in ko + 2kT rr ýFT -3 2Do +1 
ýýA 
+AMrB + (1.1071 
From equation (1.107) a plot of in k against I/D,.. at zero ionic 
strength and zero dipole moment of the molecule B, should yield a straight 
line with slope, 
z22 Ae 
2kT 
-37- 
Since Tf >r and the charge of the ion A is squared, the slope is mA 
therefore irrespective of the sign of the chýirge on A and is therefore 
positive.. Thus the Laidler and Eyring theory predicts that the rate of an 
ion-molecule reaction would increase with decreasing the dielectric constant 
of the solvent. S 
But when the reactant molecule is polar, and a high dielectric solvent 
is used equation (1.107) would have to be used completely. In this case, 
the influence of the dielectric constant on the Kirkwood term is slight. 
But at low dielectric constant the Kirkwood term will become significant. 
Laidler and Ey/ring in order to test the theory appli 
. 
ed the data for 
the reactions of the hydrochloric acid-catalyzed conversion of n-chlormilides 
------ - -- - 59 
into the p-chloranilides in various solvent mixtures. These reactions involve 
the chloride ion and the dipolar chloranilides. They plotted ln k against 
l/D (Fig 11) and obtained good straight lines with positive slopes. 
Although the molecules are polar, it seems that the Kirkwood term was 
negligible. 
Further examples agreeing with the theory are the Teaction between 
(59-60) (61-2) 
alkylhalides and the hydroxyl ion , or halide ions , and 
29 between water and a sulfonium cation 
However the existing data appear to give a positive slope when in k 
is plotted against l/D for positively charged ionic reactants, and a 
negative slope in the case of negatively charged ionic reactants Cr-ig 15, 
Section 1.9.2). Therefore it appears that the sign of the ion is important. 
Amis and Jaffe 
63 
therefore considered the reaction as taking place 
between an ion (positive or negative) and an uncharged dipolar molecule. 
They calculated the potential of the ionic atmosphere around the dipolar 
molecule with a permanent moment (Uo) 'and the external moment of (1106) in 
a dielectric solvent. Using the procedure of Christiansen and Scatchard 
along -with the ionic dtmosphere concept estimated the pro'babili--y of 
5.2 
4.8 
6+ log k 4.4 
4.0 
3.6 
(1) 
(2) 
3.2 " 
0.012 0.016 0.020 0.02.4 
I/D' 
Fig (11): Plot of log k against 1/D for the hydrochloric acid- 
catalyzed conversion of n-chloranilides into the 
p-chloranilides at 25*C 
Cl) Cl +N- chloracetanilide 
(2) Cl +N- chlorpropionaldehyde 
-38- 
finding an ion A in a specified element of volume around the dipolar 
molecules. They then, assuming that sensitive zones on the surface of 
molecule B exist, which if touched by ion A, produce the activated 
complex M or alternatively that there is a critical distance of approach, 
from each direction, of the ion A to molecule B, in order to produce the 
activated complex (M ), calculated the probability of the activated complex 
being generated. 1he equation derived involved all three concentration 
terms CA J C9 and Ct It was assumed that the ratio of that calculated M 
concentrations to the concentrations at zero ionic strength gave the relev, --nt 
activity coefficient terms for A, EPand M in the reaction 
zA0 47 
A+B --M -* product 
(1.108) 
They then used these activity coefficients in the equation 
-'Y YB 
In k= In ko + In -- r. -F. (1.109) M 
However, later Amis 39 in considering only the dielectric constant effects 
produced a much simpler equation. 
1.9.2: The Amis Equation 
39 This method is based upon the mutual potential or potential energy 
(by Coulomb's Law) due to the interaction between an ion and a dipolar- 
molecule. Although this is a method which is used purely for the investigation 
of the effect of the dielectric constant of the solvent on the rate of 
reaction, its simplicity and application to various electrically charged and 
dipolar molecules are Of great importance. 
The Coulomb's energy (Ec) between an ion and a dipole is given as 
Ec ZepcosO 
Dr 2 
cl. 110) 
where Ze is the charge on the ion, 11 is the dipole moment of the molecule, 
and 0 is the angle between the dipole axis and the line joining the ion to 
one of the charge centres (Fig 12). 
(+) 
q;:.. 
qf -3 
Fig (12): The orientaticn of a dipole (q-, q+, ) and an ion of charge (q) 
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The difference in Coulomb's ener, - ., /, 
A-Ec of the ion-dipole at two 
media of dielectric constant DI and D 21 in the case of head-on alignment 
o) is given by 
AEc Ze-p ,11 
r2D2D1 
Following the procedure which was used for the ion-ion reactim, the 
following equation can be obtained, 
In k Ink +Zell Cl -I-) D2D1 RTr 2D1D2 
Taking the reference dielectric constant as D2= co, equation (1.112) 
becomes 
ln kD= ln k 
00 
+Z ell 2 
C1.1131 
Mr 
Equation (1.113) predicts that the reaction rate should increase by 
decreasing the dielectric constant in case of positive ionic reactants, and 
decrease with decreasing D for negative ionic reactants. These predictions 
are in accord with the Amis and Jaffe 
63 
equation. 
Ilie -relationship b*etween P dipole moment and pX external dipole 0 
moment, as in the case of the Amis and Jaffe equation 
63 
, is expressed by 
the Onsagar equation and at zero ionic strength can be written as 
2 
x li n+2D 'po 
2D +n2 
(1.114) 
Using the real value of p in equation Cl. 113)-from equation C1.114) 
then it yields 
In k= In k+ ZePox(2D +n2) C1.115) D=oo D2-kTr 2 (n 2+ 2) 
where 11o X is the external moment at zzero ionic strength and n is the 
internal refractive index. 
From equation C1.115), the plot of ln Ic versus Ze(2D +n2 )1 
D2 I-ITT 2 Cn 2+ 2) would be a straýght line, assuming that the values of r and 
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n are known. Then if a reasonable value of Po x is obtained the theory is 
in agreement with the experiment. 
64 Amis and Quinlan substituted equation (1.113) into the Amis and 
Jaffe equation and obtained 
+ 
Ze -po ZecosO xx -ro)/exp (Xro) ln k= ln k X=O DkTro2 
+ DkTro7 
(Po 
xx 
D= oo (1.116) 
Where' this equation involves two terms, one (the second term) gives the 
effect of dielectric constant on the reaction rate and the other, the 
last one, predicts the effect of the ionic strength of the medium on the 
rate of reaction. What these authors did was to include the double 
transition to both x=o and D =oo in the case of ion-dipole reactions. 
Amis used the data of Amis and Holmes 
65 
to test equation C1.113). 
The data are for the inversion of sucrose by the hydrcynium ion in water- 
dioxane and ethanol-water media. The plots of ln k versus l/D, for the 
reaction in aqueous dioxane, are straight lines CFigures 13 and 151 with 
positive slopes as predicted by the equation. Amis applied the value of 
VC3.4 DU) 
66 for sucrose in order to estimate T, the distance of approach 
for hydronium ion and sucrose, from the slope of the line. He obtained the 
value of r 5.5 x 10- 
8 
cm in the case of the acid inversion of sucrose in 
e 10-8 aquous-dioxane. This is in agreement with the value of r=3.5ýx cm 
found by Amis and Jaffe 
63. But the data for the acid inversion of sucrose 
in ethyl alcohol-water solvents are not in agreement with the theory, that 
is to say the slope of ln k against l/D is negative CFig 15). The authors 
explain the deviation from the theory as follows: the alcohol molecule 
unites with some of the hydrogen ion to form the C 11 OH + ion. This 252 
therefore brings about the reduction in the concentration of one of the 
reactants and prevents the effect of the dielectric constant from being 
important. There is also another example which compares well with the 
theory tuid that is the reaction of diacetone alcohol with hydroxide iOn 
47 
(Fig 14) in water-ethanol at 25*C. Using P= 4.0 D. U. for diacetone 
alcohol the value of r was calculated to be 6.0 x 10-8 CM. 
0.95 
. 54 
bo 
0 
r-4 
+ 0.90 
W) 
0.85 , L, , 
1.30 1.70 2.10 2.50 
100/D 
Fig (13): The reaction of sucrose and hydronium ion. 
0.32 
.X 
t4 
0 0.30 
%0 0.28 
0.26 1 
1.2 
100/D 
Fig (14): The reaction of diacetone alcohol and hydroxide ion. 
1.6 2.0 2.4 
-2.00 Dioxane WC 
2 -2.20 
-2.40 
log k 
-2.60 
EtoH 41 *C 
Dioxane 310C 
0 
-2.80 
-3.00 
0 
1.30 1.50 1.70 1.90 2.10 
10 2 /D 
2.30 2.50 
EtOH 40C 
Fig C15): The plots of log k vs I/D for the acid inversion of sucrose in 
ethyl alcohol-water and dioxane-water at 31* and 41*C. 
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1.9.3: The Comparison of 'the Laidler and 
_Eyririg 
aTid the Equations. 
Me Laidler and Eyring equation indicates that the rate of the 
z 
reaction between a dipole B and an ion A of either positive or negative 
charge, increases by decreasing the dielectric constant of the solvent. 
In other words, the slope of the plot of In k versus l/D is positive 
irrespective of whether the ionic reactant is of negative or positive 
charge. Ihis is due to the squared IIZII (ionic charge) term in the equation. 
'II Ihis is contrary to much experinental data. However, the term in 
Ar bt 
the Laidler and Eyring equation is inportant, nevertheless, conceptually 
should be greater than r and therefore 1/r' 5ý 1/r * and consequently IAAM 
the term is positive. Additionally, Amis suggests that the idea 
AM 
that rT < rA only for negative ion-neutral molecule reactions would seem 
IM, 
somewhat coincidental. 
In the Amis equation, in contrast with, the Laidler and Eyring equation, 
the ln k versus l/D plots can have either positive slope or negative slope, 
because Z (ionic charge) is not squared. Consequently, d ln k/dCl/D) 
is positive if ZA is positive, and d In k/dCl/D) is negative if ZA is 
negative. Hence the sign of the ion CZ A) has to 
be taken in to account in 
the Amis equation. This phenomenon, as Amis points out, is not foreseen 
from electrostatics but it may be due to the chemical properties of the 
system. However, whilst the rate for the acid inversion of sucrose in 
dioxane-water mixtures supports the Amis equation, the same reaction in 
ethanol-water mixtures does not. 
Table (7) illustrates the predictions of the two approaches to the 
effect of (D) upon the rate of reaction more clearly. 
Table (7): The effect of dielectTic constant of the 
solvent on the rate of ion-dipolemolecule reaction 
Equation Sign of the 
ion 
CZA) d ln k/d(l/D) 
LaidleT and EyTing positive ion positive 
negative ion positive 
'Amis positive ion positive 
negative ion negative 
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2.1: Alkaline Hydrolysis of CaBoylic Esters 
2.1.1 Introduction 
The alkaline hydrolysis or saponification of esters is generally 
considered as a reaction between the hydroxide ion(OFI) and a carboxylic 
ester. 
0 
R1-C- OR 2+ OH --e-' R1 COO- +R2 OH 
(2.1) 
The reaction is in principle reversible, but starting with sodium 
hydroxide and the ester, the reaction is complete. 
2.1. 
-2_R. 
-action Mechanism 
The mechanism of the saponification of the carboxylic esters has been 
fully investigated and reviewed by many authors 
C26,67-70) 
. They have been 
mainly concerned with two aspects, firstly, whether the ruptured bond is 
the acyl-oxygen bond or the alkyl-oxygen bond, and secondly, the mechanism 
by which the reaction proceeds, i. e. whether the reaction has a one-stage 
substitution mechanism Celimination followed by addition) or an addition- 
elimination mechanism. 
2.1.2.1 Acyl-oxy2en fission 
In the mechanism of the alkaline hydrolysis of the carboxylic esters 
the common fission is that of the acyl-oxygen bond, and the methods that 
have been used to prove the rupture can be classified as: 
a) stereochemical studies 
mesomeric 11 
c) tracer It 
-43- 
2.1.2.1.1 Stereochenistry 
Holmberg 71 used the reaction of the alkaline hydrolysis of 
X 
acetoxysuccinic acid [CH 3 COOCH(COOH)CH 2 COOH] to investigate the change 
in 
the configuration of the assymetric carbon. He assumed that if cleavage 
of the bond between the assymetric carbon atom and the neighbouring 
oxygen atom were to occur, the configuration of the assymetric group would 
change, but he found that the assymetTic cýrbon atom retained its con- 
figurat6on and therefore he concluded that the mechanism involves fission 
0 bond i. e. acyl-oxygen fission. A criticism of this method is of CH C 3 
that the optically active carbonitLm ion, produced by fission cf the assymetric 
26 
carbon atom-oxygen bond may, in fact, keep its configuration' . The acid 
or alkaline hydrolysis of the above reaction can be given as; 
HOOC - CH COOH 
H+ or CH_ HOW - CH COOH 2 VI 02 2 
OAC OH 
malic acid (2.2) 
2.1.2.1.2 Mosomerism 
This method was applied by E. H. and C. K. Ingold 
72 
. They selected 
the two esters 1-methyla. llyl and 3-methylallyl Ccrotyl) acetates. If 
the alkyl-oxygen fission were to occur, the two esters would produce the 
same mesomeric carbonium ions, but each ester yielded its corresponding 
alcohol, which indicated that the alkaline hydrolysis mechanism must have 
involved a cleavage of the bond between the acyl carbon and alkyl-oxygen 
atoms. Later on, Norton and Quayle 
73 
, based on the procedure of Ingold 
and Ingold 
72 
, used the neopenthyl radical C. CH 2* Me 3) as R2 (equation 2.1) 
to show that the acetate esters of neopentyl are hydrolysed without any 
rearrangement to e. g. CH 2 Me - CMe 21 giving t- amyl alcohol. This methed 
is not completely practicable because of choosing a suitable group for R. 
2.1.2.1.3 Tracer Studies 
The most useful method is to investigate the mechanism in water 
enriched in 0 
18. The'oxygen of the Oft ion in the solvent will become 
-44- 
labelled and in the alkaline hydrolysis of the esters, the fate of the 
0 is atom associated with the hydroxyl ion can be followed. 
, Polanyi and Szabo 
74 
employed water labelled with 0 
is in order to 
distinguish between the following mechanisms 
0 
Ca) 113,0 C-R+H0 212 
0 
Cb) R O. I. C -R+H0 22 
-> R2 OH +R1-C- OH (2.3) 
The reaction used was the alkaline hydrolysis of n-amyl acetate. 
From the results, they concluded that since the 0 
18 
goes to the acid 
molecule produced in the reaction and not to the alcohol molecule, that 
the mechanism Cb) is followed. 
Acyl-oxygen rupture has been investigated in thes way by many 
authors 
C75-80) 
2.1.2.2 The addition-elemination mechanism 
The next step on the subject of the mechanism of the alkaline 
hydrolysis of esters is to show the best mechanism for the reaction and 
a suitable structure for the intermediate complex. To do this, two types 
of mechanisms will be considered; (a) a one-stage substitution reaction, 
and (b), an addition-elimination mechanism. 
In the former mechanism., Ca), the carbonyl does not participate 
in the mechanism of the Teaction, and this is a puTely SN 2- type of- 
reaction as follows; 
000 
- 11 11 It Oil +C OR., ý .- HO ... C ... OR HO -C+ OR I-1212 
RR1RI 
RI COO +R2 Oil (2.4) 
Bender 81 suggests that equation C2.41 can not be the type of mechanism 
for the alkaline hydrolysis of esters b--cause it does not explain why the 
esters react faster than ethers. 
.;. 45- 
The second alternative is an addition-elimination mechanism which 
can be represented as; 
0 o- ö 
il k11k3 11 - fast R OR + OH- R-CPRC+R0 121121-2 2 OH 1 
(1) Uli 
R1 COO- +R2 OH (2.5) 
The evidence for reaction C2.5) comes mainly from Bender's 
82 
work. 
He carried out the alkaline hydrolysis of carbonyl-labelled esters 
e. g. ethyl benzoate, CC 6H5 CO 
is 0C 2H5) in ordinary water. 
By -malyzing the 
recovered ester Cthe labelled ester) for 0 
18 in incomplete hydrolysis, he 
found that the alkaline hydrolysis of the ester and exchange of the ester 
0 18 for ordinary oxygen from the solvent (ordinary water) occur 
. 
concurrently. 
Bender reached, therefore, the conclusion that the carbonyl-oxygen 
exchange is not consistent with the one-step mechanism (equation 2.4). 
It is consistent with the two-step mechanism Cequation 2.5) in which a 
tetrahedral intermediate CI) is formed. Intermediate CI), in equation 
C2.6) partly reverts to the starting materials and partly, via the neutral 
intermediate II, produces the intermediate III which yields the unlabelled- 
oxygen ester. The mechanism can be written as follows; 
18 18 
RC OR + 01-1- R- OR RC+R, )o 121C, 2 11 
Labelled ester OH M OH 
11 
H20 
18 
OH, 
1 18 R1C- OR 2R1- CO 0- +R2 OR 
oil CII) Hydrolysis products 
11H 
20 181 
Oil OR 
18 11 
RC- OR + OH7 RC- OR RC+R0 111 2 11 2 lh 2 
0 0- (111) 0 
Unlabelled ester 
(Additiol, i-eleminatior. nechanism) (2.6) 
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To sum up, the mechanism for the alkaline hydrolysis of esters is 
the addition-elemination mechanism with the tetrahedral intermediate and 
acyl-oxygen fission (equation 2.5). Reaction C2.5) indicates that the rate 
of reaction is second-order kinetically, as was originally proposed by 
Warder 83 in 1831, first order with respect to OH_ ion and first Order 
with respect to ester. 
I 
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2.1.3: Alkalina Hydrolysis of Mathyl and Ethyl acetate in Water 
According to the previous discussion the inechanism for the alkaline 
hydrolysis of methyl an"' ethyl acetates may be expressed by the following 
scheme: 
0 0- 
It I 
CH 
3-C . 1- OH- -- CH 3-C- OH II 
OR UK 
0 
11 
CH3 -C- OH + RO- - ROH + CH 3c00- 
C2.7) 
where R is either CII 3 Cmethyl acetate) or C2 11., Cethyl acetate). 
Furthermore these reactions are of second-order. This has been well 
establish3d by the experimental data of various workers. 
Tables C81 and (9) give the second-order rat -e constants for the 
alkaline hydrolysis of the esters in water at different temperatures. 
-48- 
Table C8): Alkaline hydrolysis of methyl acetate in water 
CM) 
Initial concentration 
M th d Temp e o (1, C) (lit mol see-') ref. 
MeOAc NaOH 
0.05 0.05 titrimetric 4.0 0.0343 84 
10.0 0.0573 it 
18.0 0.0982 of 
2S. 0 0.158 it 
0.02788 0.00427 conductometric 20.0 0.135 85 
0.03042 0.00364 of 2S. 0 0.186 
0.021SS O. OOSOl it 30.0 0.259 
0.02614 0.00428 It 3S. 0 0.358 
OAS OAS titrimetric 0.0 0.0298 43 
16.0 0.09S3 It 
2S. 0 O. IS24 it 
39.7 0.326 it 
0.018 0.018 conductometric 2S. 0 0.195 86 
0.012 0.500 "Thermometric 19. S 0.149 87 
0.091 0.48S adiabatic" 2S. 0 0.206 of 
0.012 O. SOO 32.0 0.388 
0.009 0.010 2S. 0 0.198 
0.307 0.010 it 0.192 
0.0091 0.244 0.206 
0.0091 0.971 tt 0.206 
O. OS-0.4 - Thermometric 25.0 O. lS2 88 
OAS 0.05 titTimetTic 0.00 0'. 0291 89 
it It it 15'. 00 0.0950 If 
25.00 0.184 It 
40.00 0,514 
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Table (9): Alkaline Hydrolysis of Ethyl Acetate'in WateT 
Initial concentration 
M th d Temp 1 f e o C*Q 1 1) (lit mol sec- 
Re . 
EtOAc NaOH. 
0.09897 0.02104 Conductometric 25 0.1125 90 
0.0482 0.000986 "high frequency 24 0.104 
. 
91 
conductance" 25 0.110 it 
"oscillometTyll 28 0.134 if 
30 0.145 it 
32 0.158 It 
33 0.16S it 
0.01S 0.015 spectrophotometric 30 0.144 92, 
0.0225 0.0075 it 20 0.068 It 
0.0100 0.01 conductometric 25 0.112 93 
0.0200 0.01 it 25 0.110 to 
(KOH) flow microcalori- 
metric 
0.01-0.03 it 25 0.112 94 
0.03-0.06 It 0.113 It 
0.06-0.13 it 0.116 It 
0.13-0.20 it 0.116 it 
0.05 0.05 titrimetric 4.0 0.0258 84 
it it 10.0 0.0410 it 
It IF 18.0 0.0680 It 
it if 25.0 0.1080 it 
0.01 0.02 titrimetric 0.00 0.018 95 
It 9.80 0.039 if 
It 19.10 0.072 it 
0.018 0.018 conductometTic 25.0 0.116 86 
0.016 0.505 "thermometric 19.0 0.088 87 
0.016 0.505 adiabatic" 25.0 0.137 it 
0.016 0.505 It 32.0 0.232 
0.254 0.0080 of 25 0.109 
0.505 0.0080 it it 0.108 
0.811 0.0123 It it 0.109 
0.505 0.0145 it IF 0.112 
0.010 0.267 IF if 0.131 
0.016 1.01 It it 0.141 
0.05 O. Os titrimetric 0.00 0.0186 96 
it 11 it 15.00 0.0574 11 
if 11 it 25.00 0.111 it 
It 11 It 40.00 0.272 it 
0.05 0.05 titrimetric, 0.00 0.0187 97 
if IF 5.00 0.0273 it 
It IF 10.00 0.0403 it 
it It 20.00 0.0796 it 
25.00 0.111 it 
33.00 0.181 
40.00 0.273 
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2.1.4 Solvent Effects 
2.1.4.1: Effects of aqueous organic mixtures on the rate of alkaline- 
hydrolysis of carboxylic esters. 
Solvent effects on the rates of reactions have been studied by many 
authors. Among these, TonLmila 
97 
and coworkers have been very active in 
the field. Since the factors causing the solvent effects are not fully 
known* this review is directed towards the two basic points, firstly, the 
theoretical equations which mainly describe the dependence of the rates of 
reactions upon the dielectric constant of aqueous-organic mixtures, and 
secondly the observed experimental data of various investigators. These 
two approaches combined, along with the discussions by previous workers present 
a large number of points for discussion. 
2.1.4.2: The theories of solvent effects on reaction rates. 
The alkaline hydrolysis of carboxylic esters such as nethyl acetate 
and ethyl acetate are considered to be a reaction between a negative ion 
OR-, and an ester molecule. Bearing this in mind one can compare the 
predictions of the theories of Rughes and Ingold26 . Laidler and Eyring 
18 
6 
and Amis and Jaffe . The Hughes and Ingold theory qualitatively explains 
the effect of the solvent polarity on the reaction rates. For the 
alkaline hydrolysis of the esters this theory states qualitively that 
the Tate of the reaction will increase with decreasing polari-tty of the 
solvent. The Laidler and Eyring theory predicts that the rate Of reaction 
increases with decreasing dielectric constant of the solvent. The Amis 
and Jaffe equation illustrates that the -reverse would be true and that the 
rate of reaction would decrease with decreasing the dielectric constant 
of the solvents. The latter two theories are based on consideration of the 
solvent dielectric con3tant influence on the roaction rate quantitatively. 
These concepts for the alkaline hydrolysis of the esters are represented 
schematically in Fig (16). 
20 
Fig C16): Theoretical effect of the dielectric constant on the rate of negative 
ion-neutral molecule reactions in nixed aqueous-organic mi--tures 
where the organic compound has dielectric constant values of either 
0 or 40. 
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2.1.4.3 Review of the Experimental Data 
Me effects of various mixtures of water with methmol, ethanol, 
n-p-ropanol, iso-p-ropanol, tert-butanol, ethylene glycol, aceto-ne and . 
dioxane on the rate of alkaline hydrolysis of ethylacetate at different 
temperatures -ranging from O*C to 50*C have been experimentally investigated 
by To-, imila and his coworkers 
97. Figures (17-19) show the effects of the 
solvents on the reaction. In these figures the values of k have been 
plotted against the mole fractions of water (xw) at 0,25, and 40*C. 
According to those figures methanol and ethylenglycol always decrease the 
rate of the reaction while the other mixtures at low concentration, a. about 
15-25*C, increase the -rate of -reaction slightly and then with increasing 
the organic solvent concentration the -rate decreases. Anong the solvents 
tert-butanol has a marked effect at low concentration on the reaction rate 
(a relatively larger increase on increasing the mole fraction of teTt- 
butanol) and then at high mole fraction of tert-butanol the rate decreases. 
Also at relatively high concentrations of alcohol in aqueous-alco1hol zixtures 
the rate falls more rapidly than in other aqueous-orgarnic inixtures. 
Figures (20) and (. 21) illustrate the dependence of the activation 
energy and the frequency factor on the solvent. It is seen that both plots 
have a similar form with the minimum appearing at 0.06-0.10 mole fraction 
of organic component. Figure C21) illustrates that at very high 
concentration of methyl alcohol and ethyl alcohol (ýMeOll = 0.85 and 
x. EtOl. -I = 0.941 the curves fall steeply. Tommila 
97 believes that it is the 
decrease in A, the frequency factor, that causes the decrease in the 
velocity constant at very low water content and not the cmtinued incTease 
of the activation energy. 
Tommila 97 suggests that the existance of the minima in A and E for 
the alkaline hydrolysis of ethyl acetate (Figures C20) and (21)) is mainly 
due -to t he increased solvation of the transition state. He considers the 
following mechanism for the reaction 
. 03 
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Fig (17): IlydrolYsis of EtOAc at O*C. 
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00 
11 1+ 
HO +R-C- OR + HOH -* RC0R 
OH H ... Oll 
-> RCOOH + HOR' + OH- 
(2.8) 
This equation indicates that the structure of the transition state is 
unusual and has a more powerful field than the reactants. Me solvation 
of hydroxide ion in the range of 1-0.9 mole fraction of water is not 
significantly changed since the high concentration of the water causes a 
preferential adsorbtion of water molecules by the ion. 71he ester solvation 
increases with increasing the organic solvents. 11iis is in accord with the 
solubility of ester in organic solvents compared with their being sparingly 
soluble in water. 7herefore, the sole possibility for increasing the rate 
in this region is the solvation of the transition state. 
Furthermore, as equation C2.8) illustrates, the structure of the 
activated complex contains two groups, one hydrophilic and the other 
hydrophobic. There seems to be a special range of solvent composition 
roughly at the same molar concentration of the mixtures for the different 
aqueous-organic solvents, in which the activated complex can be solvated 
by both components of the solvent mixtures. The larger the hydrocarbon 
part of the organic solvent the deeper is the minimum (Figure C21)). 
Tert-butanol with a large hydrocarbon residue solvates the transition state 
most and ethylene glycol with no hydrophobic group can not solvate the 
transition state to any great extent. Tor-mila suggests that the attraction 
between water and the organic solvents can play an important role in the 
degree of solvation. For example in aqueous-alcohol mixtures the attraction 
between water and alcohol becomes weaker with increasing chain length of 
the alcohol. In other words, the heat of mixing (Figures C22) and (23)) 
becomes more endothermic and finally the separation of water and alcohol 
occurs. Therefore the more easily the two components can be separated the 
more they can solvate the transition state. However, as it is illustrated 
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Fig (23): Heat of mixing of aqueous-organic mixtures at 25*C. 
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in Figures C20) and C22), the plots for the alcohols increase more rapidly 
than those of acetone and dioxane with increasing the organic content of 
the mixtures. Tommila proposes that this phenomenon could be due to the 
more rapid decrease of the amount of solvation of the activated complex in 
the alcohol-water solvent than in acetone-water and dioxane-water mixtures. 
Also the influence of the equilibrium 
OH + ROH :; -- H20+ RO - C2.9)- 
on the rate of reaction could be responsible. Tomila believes that the 
equilibrium becomes important at high alcohol content but is not important 
at low concentrations of the alcohol. 
Tommila considered the theories of Laidler and Eyring, and of Amis 
and Jaffe in order to compare their predictions with the experimental 
results Cthe theoretical predictions of these equations are shown in Fig C16)). 
For the reaction between an ion A and a molecule B, the LaIdler and Eyring 
equation when the dipole moment of the molecule is neglected, predicts that 
the depencence of the velocity constant upon the dielectric constant of the 
medium should be given by 
d ln k ZA? e 
211 
dCIFD-) = -2ff- r 
C 
rýA M 
C2.10) 
Csection 1.9.1) 
Equation C2.10) indicates that the plot of In k against l/D is a straight 
line and since r* >rA the slope is therefore positive. But the observed' 
values of the rate constant which were fotmd by Tommila are not in agreement 
with the theory except at low concentration of the organic solvents and 
at low temperatures. However as it is seen from Figure (24) the observed 
trend of In k against l/D is a decrease in rate with decreasing dielectric 
constant (the effects of the dielectric constant of the solvents on the 
alkaline hydrolysis of ethyl acetate are shown in Figures C24, C25) and 
C26))-. 
Amis and Jaffe's eqitation for a reaction between mi ion and a molecule 
suggests that k (the rate constant) should increase wit1i decreasing the 
4 
3 
log 10 5k 25*C 2 
1 
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one 
Et QH 
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Fig (24): Plot of log k against l/D at 250C. 
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dielectric constant of the medium for positive ion reactants, but it should 
decrease with decreasing the dielectric constant for negative ion reactants. 
As Figure (24) indicates, the Amis and Jaffe equation seems to show some 
agreement with the observed data, but here again when different media are 
considered, the theory does not show the aqueous organic solvents in the 
right order. For example, the dioxane-water mixtures with rapid declina of 
the mixture's dielectric constant from water to dioxane should show a 
greater decrease in rate than in methanol-water mixtures. 
So far the relationships between the observed data of Tommila and 
the prevailing theories of ion-molecule reactions have boen considered, 
but some unexpected divergencies have been found and need-to be discuýsed. 
Tommila's view on this subject is that the relationship between dielectric 
constant and the rate of reaction is affected by solvation of the reactants 
and the activated complex. He takes account of the chemical solvation, 
which is the attachment of the solvent molecules to the solute particles, 
and the powerful electrostatic field of an ion which brings about the 
orientation of the solvent molecules around that ion. He therefore 
concludes that these factors must be included in any explanation of the 
departure of the experimental results from predicted behaviour. 
Laidler and Eyring 
C2,18) 
express their views on the disagreement 
between the available observed data and the theories as follows: 
1- The preferential adsorbtion of one component of a mixed solvent 
upon the ions Cselective solvation): 
This means that the change of the dielectric constant of the medium 
to a lower dielectric constant can not significantly affect the rate of 
the reaction as much as if the medium were of -randomly distributed molecules 
of the two solvents. 
The difference between the microscopic dielectric constant and the 
measured value: 
Ilds may arise becuase of the selgregation of one component of the 
-55-- 1 
mixture. The factor of preferential solubility of the reacting species in one 
solvent or the other can be responsible for this segregation. 
Tommila points out that the difficulty in testing the electrostatic 
equations is that the solvents with high dielectric constants have a high. 
solvating power, and therefore treating such media as purely electrostatic 
media will not suffice to predict a complet -e explanation of the experimental 
resulis. 
Potts and Amis 
95 have investigated the effect of ethanol-water 
mixtures on the rate of alkaline hydrolysis of ethyl acetate. In the mixed 
solvents the values of the rate constants increase with increasing the 
dielectric constant of the meditca. The results show the right direction 
predicted by Amis and JaffeC6, 
") 
, but the magnitude of the influence is 
in fact greater than that expected from the theory. 
Further the alkaline hydrolysis of ethyl acetate was studied in 
acetone-water mixtures by Amis and Siegel--. They carried out the experiment 
at three different temperatures, 0.00,15.87 and 26.10*C, using the 
titration method. They obtained similar results. Comparing these data 
and those obtained by Potts and Amis 
95 for the same reaction in -ethanol- 
water solutions, 'the values of constants for the theory in acetone-water 
mixtures are almost an order of magnitude less than in the ethanol-water 
medium. The value of ro, radius of the activated complex at zero ionic 
strength, used in the case of acetone-water-mixtures is 4.0 AO and that 
used in the case of ethanol-water is 7.0. Ilie authors explain that because 
the degree of solvation of the complex may differ from one solvent to 
another, the different values for ro are reasonable. However, since the 
constants used in fitting the data to the Amis and Jaffe 
6 
equation were 
far too large, it was suggested that another solvent dependent factor was 
involved. 
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In 1955 the alkaline hydrolysis of methyl acetate in riethanol- 
89 
water and acetone-water was published by Tommila and Maltamo, . This 
experiment was carried out for two basic reasons. In the first place the 
trans-estrification of the ester (MeOAc. ) in methanol-water solutions can 
be eliminated, and in the second place, the values of k (rate constant), 
E (energy of activation) and log A Cfrequency factor), for the alkaline 
hydrolysis of MeOAc can be compared with those found for the ethyl acetate 
97 in methnaol-water . The values of k, E and log A for the saponification 
of MeOAc and EtOAc in methanol-water mixtures illustrate that the measured 
values for the latter reaction in the mixtures at least up to 50 wt% 
methanol are of the alkaline hydrolysis of EtOAC, and the conversion of 
EtOAc to MeoAc occurs at higher concentration of the alcohol. In addition, 
in methanol-water solutions a minimum which is a characteristic of higher 
alcohols does not appear (Figure (271). This therefore supports Tommila's 
97 
discussion that methanol, unlike other alcohols, does not take part in 
the solvation of the transition state. The plots of log k against l/D 
for the reaction in methanol-water and acetone-water mixtures are shown in 
Figure (28). They are straight lines with negative slopes- in methanol- 
water d log k/dCl/D) =- 155.0 and in acetone-water - 29.3. In the 
previous cases 
97 the plot of log k versus I/D for the alkaline hydrolysis 0 
of EtOAC in various aqueous-organic solutions is linear only in a small 
region of the solvent mixtures. Tommila 
89 
compares the high rate of reaction 
of methanol acetate with ethyl acetate and reaches the conclusion that, the 
higher value of the frequency factor is responsible for the more rapid 
rate of -reaction, because the energy of activation of methyl acetate is 
greater than the corresponding ethyl ester. Table C101 elucidates the 
relation between k, E and A for the alkaline hydrolysis of MeOAc and EtOAc 
in water at 250C. 
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Table 10: The parameter of rate constant for alkaline hydrolysis 
of MeOAc and EtOAc in water at 250C 
Reaction 
parameters 
MeoAc I EtoAc 
k10.184 lit mol-l sec-l 0.111 lit mol- 
1 
sec-l 
E 12150 cal 11370 cal 
A 8.181 lit mol- 
1 
sec-l 7.375 lit mol-l sec- 
1 
Villermaux'00 and coworkers tackled the problem of the solvent 
effect, Cthe effect of aqueous solutions of ethanol), upon the rates of 
saponification of carboxylic esters such as methyl, ethyl, propyl and iso 
propyl acetate, using the activity coefficient terms of the Bronsted- 
Bjurrum type equation. These authors worked out the following equation 
for the reaction: I 
A+B ýý Mt-ý- products, (2.11) 
RT YAYB k= Nh V ýr (2.12) YNI 
where k is -rate constant, the "y" terms are the relevant activity coeffic--, ents 
of the reacting species, Ký the thermodynamic equilibrium constant and 
V is the molar volume of the solution, the other terms are self-defined. 
They took the "y" terms for the alkaline hydrolysis of the esters as 
'YOH-. Yester/YM*-and assumed that the ratio of YOH-f4-was equal to one 
and so measured the activity coefficient of the esters. To measure-the 
activity coefficients of the esters, they used the transpiration method, 
in which a stream of hydrogen was bubbled through the solutions and then 
a, luiown volume of the saturated gas was condensed for analysis and esti- 
mation of the y1s. Ilie values of activity coefficients of the esters in 
the aqueous-ethanol mixtures are listed in Table (1110. Also the rate 
constants of the reaction are shown in Table C12). Furthermore, the plots 
of k (rate constant) against yV aro given in Figures (29)-(32). 
k lit/mole mn 
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Fig (29) :k against yV for Me CAc at 25*C. 
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Table (11): The values of the esters' activity coefficients 
at 250C 
wt% 
Ethanol 
y 
MeOAc 
y 
EtOAc 
y 
Propyl acetate 
y 
iso-propyl acetate 
0 20 65.3 240 157.3 
0 64.1 201.5 
0 57.8 
10 19.4 58.9 171.6 146.4 
10 45.1 166.0 
10 SS. 7 
10 S4.9 
20 17.8 49.2 93.8 107.7 
20 47.2 
2S 41.4 
30 1 S. 0 32.6 49.7 
30 39.3 
3s 24. S 
40 12.0 17.7 28.0 26.6 
40 22.1 
so 9.9 12.7 
80 S. S 
100 6.6 3.85 2.7 
Table (12): Rate cýnstai4ts for the esters in aqiieous-ethanol at 
,;; F. v 1- 1, rl :ý --I -- %A- -'% 
wt% 
Ethanol 
k 
MeQAc 
k 
EtOAc 
k 
Propyl acetate 
k 
iso-propyl acetate 
0 11.1 7.2 6.1 2.05 
10 8.8 6.66 5.5 1.9 
20 S. 7 SAS 3.0 1.2 
30 3. S 3.75 0.7S 
40 2.0 2. SS 1.4 0.44 
so 1.1 1.7 
80 0.66 
-59- 1 
These investigators reached the follcwing conclusions: 
1- Possibly 'ýOH-/YjNýI-is not equal to unity for methyl acetate. 
The relationship between k, rate constant, and yV is more 
complex than the simple linear law, especially for the first member of 
the homologen series. 
Further studies regarding the problem of the solvent effect on the 
rate of reaction of the alkaline hydrolysis of esters have been carried out 
by Yager and coworkers 
101 
. They investigated the effects of several 
aqueous organic systems such as dioxane, tetrahydrofuran (71HF), methanol... 
acetone, and dimethyl sulfonide (DMSO) on the rates of saponification of 
methyl acetate, methyl butyrate and butyl acetate at 350C. For the rate 
measurement in aqueous organic solutions with less than SO% Cy/v) organic 
solvent, they employed the conductance 
102 
method. But'. in miixtures with 
high organic concentration they used the titration method. 71his was considered 
because the conductance of the alkanoate ion was approximately the same 
as the hydroxide ion and therefore the conductance method was not sensitive 
enough at high concentrations of organic solvent. Their data of the reaction 
rates along with the dielectric constant of the mixtures for the alkaline 
hydrolysis of methyl acetate are shown in Table C13). The authors explain 
that the predicted effect of the solvent on the rate of reaction between 
0 
an ion and a neutral molecule is not followed in these solutions. In other 
words, the reaction velocities increase at small concentrations of organic 
mixtures C10% v/v), but decrease with increasing the organic content of the 
mixtures. Aqueous solutions of methanol, which is the only protic solvent 
in this study, decrease the rate of the -reaction from low concentration and 
it seems that the usual maximiLm does not appear in this case. Yager and 
his coworkers 
101 describe that the observed increase in the rates of 
reactions at low concentration may be due to decreasing dielectric constant 
by the organic solvent but that the effect of further decrease in dielectric 
-60- 
Table (13): Sap 
Orizanic Solvents 
V/V 
Solvent CVolume per cent) 
water 
10% Dioxane 
20% it 
30% it 
40% to 
60% it 
70% it 
75% it 
Dielectric constant 
at 35" 
75.0 
67.0 
58.4 
50.0 
41.8 
25.0 
17.4 
13.9 
k (lit/mol min) 
MeQAc 
21.4 
25.5 
23.4 
20.5 
19. S 
17.4 
14.5 
12.2 
5% Acetone 71.3 22.2 
10% it 69.5 23.3 
15% it 67.6 111.0 
20% 65.8 19.8 
30% 59.8 18.2 
40% S3.8 15.9 
50% 47.9 13.9 
60% 42.0 12.7 
70% 35.8 12.6 
80% 29.9 12. S 
5% THF 73.0 23.5 
10% 69.5 20.8 
15% 66.0 22.0 
20% 62.0 20.6 
30% SS. 0 18.7 
40% 47.4 IS. 8 
SO% 40.0 ll. s 
60% 32.3 9.2S 
70% 2S. 0 9.18 
S% DMSO 22.0 
10% 24.4 
15% 2S, S 
S% MeOH 71. S 19.9 
10% 69.9 18. s 
is% 66.0 17.7 
ication Rate Constants at 250C in Various Aqueous- 
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constant is masked by a sec-ond effect of the change in solvent composition. 
Since the water may participate in the reaction mechanism, for ester 
saponification 
82 the water activity decreases at higher concentrations of 
organic solvent and this results in the retardation of the -rates of Teaction. 
Also they comment. that the activity of esteT may be also Tesponsible. 
The ester activity may vary since in water only as a solvent the 
ester must be hydrated. Addition of an organic solvent with its solvent 
shell will cause competition for water of hydration with the ester. If 
the ester hydration is reduced, it is suggested that its activity is 
increased, and the rate of reaction is therefore increased accordingly. If 
further organic solvent is added, there is competition now between the 
water solvating the ester and the organic solvent solvating the ester. 
Increasing the solvation due to the organic solvent will result from 
increasing the proportion of oTganic solvent in the mixture, and thus the 
activity coefficient of the ester will then decrease. Finally, in view 
of their work on the saponification of methyl acetate, methyl butyrate and 
butyl acetate in the various equeous systems, they used the empirical 
relationship of Grunwald and Winstein 
103 Cthe linear free energy equation) 
log k/ko = rY 
where k is t he rate constant ofa compound in any solvent and ko the rate 
constant of the compound in a standard solvent, Y the ionizing power of 
the solvent and m illustrates the effect of the change of solvent. By 
applying equation (2.13) they concluded that the effect of the solvents on 
methyl acetate is less than on methyl butyrate and butyl acetate, and 
therefore they suggested that - changes in solvents may change the polar and 
steric effects of the substituent groups of the reacting molecules, which 
are not predicted by the prevailing theories relating dilectTic constant 
of the solvent to -rates of reaction. 
Referring to the point that the activity of methyl acetate may be 
responsible for the observed maximum in the rate of reaction at low 
-62- 
concentrations of aqueous-dioxane mixtures, Yager and Doerr 
104 determined 
the activity of methyl acetate in aqueous-dioxane solutions relative to its 
activity in water solution by the method of quantitative vapor-phase 
chromatography. Table C14) shows their data of -relative activities of the 
ester in various aqueous-dioxane mixtures. The -results demonstrate that 
the ester activity is constant at low concentrations up to 10% (v/v) of 
dioxane and the pl6t of the relative activity coefficients CFigure (33)) 
against the volume percentage of dioxane shows a flat portion from 0-10% 
Cv/v) dioxane. They therefore reached the conclusion that the increase in 
the Tate of reaction in aqueous-dioxane solutions with low concentration 
of dioxane can not be explained by increased activity of the ester. 
Following the activity coefficient terr, for the reactants. of the 
alkaline hydrolysis of aliphatic esters, YageT105 and his coworker, using 
an emf method, measured the relative activity coefficients of sodium 
hydroxide in dioxane-water mixtures at 35*C. These relative coefficients 
are the ratios of the activity coefficient of the 0.01 M Na 011 solution 
in each organic mixture (*YOH-, org) tb the activity coefficient of the 
0.01 M Na OH in water (YOII-, H 2 0). Their data reveal that the addition 
of dioxane increases the ratios of the activity coefficients of the 
H org sodium hydroxide Sodium hydroxide, as the authors commented, 
OH ,H20 
is probably less solvated in the higher concentrations of organic solvent 
(dioxane) than in water, and hence has a high activity coefficient in 
high concentrations of dioxane. Nevertheless, the relative activity 
coefficient for 0%, 10%, 20% and 30% dioxane solutions are essentially 
identical. So the increase in reaction rate for the alkaline hydrolysis 
of aliphatic esters, at low concentrations of dioxane, can not be due to 
the increased activity of the sodium hydroxide. However, the authors point 
out that these -results are the average values of activ-, ty of the sodium 
ion and hydroxide ion, and can be argued that the effect of an aprotic 
solvent i. e. dioxatne, on the ilons is differe. -It, while it solvates the 
1.0 
.6 
a s 
a,, 
2 
0 
04 Dioxane Cv/v) 
Fig (33): Relative activity of MeOAc in aqueous-dioxane solutions. 
.2 .4 .6 .8 
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Na'l' ion, it can not solvate the OIC ion. Thus the activity coefficient of 
Na + decreases and that of OR- increases. This selective solvation would 
be responsible for the increase in reaction rate, whilst being consistent 
with no change of soditun hydroxide activity coefficient as determined by 
the emf method. The authors therefore end their paper by saying that an 
investigation of individual ion activity coefficients is necessary. 
Table (14): Relativ. - activity of methylacetate (a, /. 944 ) aý 5 20 _LIC 
Volume% Dioxane (a 
s 
/a,, 
0 
1 
2 
4 
5 
6 
7 
9 
10 
14 
20 
30 
40 
so 
60 
80 
1.00 
1.00 
1.00 
1.00 
0.99 
0.97 
0.99 
0.98 
1.00 
0.88 
0.87 
0.74 
0.64 
0.50 
0.40 
0.26 
In addition to the above investigations, there are a few recent papers C> 
which deal with the subject of solvent influences on the alkaline hydrolysis 
106 
of esters. Among these, one is a paper by Balakrishnan and his 
coworkers, who studied the effect of various compositions of aqueous 
ethanol on the rates of alkaline hydrolysis of a nunber of monoesters, 
diesters and lactones. They confirmed the Amis 
39 
and Laidler- 
Landskroener 107 equations for -these systems, and also they considered the 
solvation of the activated complexes to be an important facto-r to explain 
the changes of the rates of reactions in aqueous-ethanol mi. -tures. The 
other paper is by Garr'eTa and Juri 
108 
on the effect of ethylene glycol- 
water mixtures on the reaction rates of the alkaline hydrolysis of n-b-ityl 
-63- 
and n-amyl acetate. In a study of the applicability of the Laidler and 
18 EyTing equation considering the reaction occurs between the ester dipole 
and the water dipole, a linear relationship between log k and CD - 1)/ 
(2D + 1) is established by the authors at low dielectric constant values, 
but for dielectric constant values higher than 44 a deviation from linearity 
is observed which is considered to be the increasing influence of the non 
electrostatic forces affecting the transition state solvation.. 
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2.1.4.4: Effect of aq-DMSO mixtures on the rate of 
alkaline hydrolysis of caTboxylic esters 
The effect of aq-DMSO mixtures on the rate of saponification of esters 
has been investigated by many authors 
(96,109,110) 
. On the whole this 
solvent and its mixtures with water increase the -rate of reaction. This 
enhancement is somehow different from that of other solvents such as 
alcohols, dioxane and acetone. So far many investigators have tried to 
interpret the effect. Each one has focused attention on different important 
points which have been brought forward to explain the acceleration of the 
'rate constant. 
Tommila 96 extends his work to the study of the alkaline hydrolysis 
of ethyl acetate in DMSO-water mixtures. He stunmarises the results as 
follows: 
1- Me rate of reaction is increased by the addition of DMSO -to the 
solvent, the ehIiancement is gradual at first up to XDMSO = 0.28, but it 
gets steeper by adding rore D14SO. 
2- The plot of log k against log JH 2 0] is linear when the concentrations 
of water in the solvent mixtures vary from 25 to 5 moles per litre. 
3- The variaticn of E and log A with solvent composition for DMSO- 
water, acetone-water and dioxane-water mixtures are of the same form. 
Finally, the reaction increases by decreasing the dielectric 
constant of the solvent. 7his is in contrast to the effect of dielectric 
constant of water-dioxane, water-acetone and water-alcohol mixtizes. 
All the above-mentioned points are gathered in Figures (34), (35) 
and C36). In order to go through the important points of Tommila's paper 
it should be mentioned that Tommila 
96 discusses the solvent effect by 
explaining Ci) the solvation of the anion, Cii) the variations of AG X 
fflý and ASx through out the process of reaction employing the forr. wla 
t-T/h exp C- Arx/RT) (2.14) 
where tGx is the free energy of activation --md k is the rate constant, 
and finally (jiij the relation between the rate Constant and the dieleztric 
log 10 k 
1.0 1- 
0.5 
Fig (34): log k vs mole fraction of DNISO, 25*C: 
log 1.0 2k 
2 
40* 
2S 
0 11 c 
.S1.0 1.5 2.0 
log [H 2 0] 
Fig (35): log k vs log [H 2 0]. 
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constant of the solvent. 
Since the first, and rate detenpining step(111-23 in alkaline ester 
hydrolysis is the addition of the OH- to the carbonyl carbon, if the activity 
of the hydroxide ion increases, the rate of reaction must increase. Many 
investigations (113-4) such as on the solubilities of alkali metal hydroxides 
in this solvent have shown that OH-, hydroxide ion, is poorly solvated 
and has therefore a high activity in this solvent. Also the bulky dipoles 
which have charges on large atoms such as carbon, sulfur, nitrogen, and 
C1,113) 
oxygen can not solvate small anions . So the observed increased 
velocity constant can Be considered to be due to an increase in the activity 
of the hydroxide ion. Another explanation comes from the measurements of 
the heat of mixing of DMSO with water, 
115 
and the viscosities 
Cl'IS-6) 
of the 
mixtures. This evidence is in favour of the existence of an association of 
DMSO a%water, )which 
is due to hydrogen- bonding and according to some 
workers 15,11 the DMSO molecule can exist in the following forms: 
CH 3% CR 3% + 
CH 3" CH 3"' 
I ii 
in which the second formula is capable of hydrogen bonding with the water 
molecules. To treat the situation further, there are reports suggesting 
118 
that strong hydrogen bonding between DMSO and water may exist and this 
119 bond is stronger than that between two water molecules . All these 
signs indicate that the interaction between water and DNISO causes a reduction 
in the concentration of free water for the solvation, of hydroxide ions. 
96 Tommila divides the plot of log k against the mole fraction of 
DMSO into two parts and then points out that when the mole fraction of DMSO 
is less than 0.3 the ratio of water molecules to DMSO molecules is 2: 1 and 
at 0.3 interaction beetween the solvents is of the type 
H29: 
Me 2s = O... H - OH 
and by increasing t'he amount of DMSO at higher mole fraztions Cx > . 03) 
-66- 1 
the water content oil the mixtures rapidly dec=eases and this implies that 
the solvation of hydroxide ions is reduced in this range of mixtures. 
The next important subject on the effect of aqueous DIINISO mixtures on 
the rate of alkaline hydrolysis of esters, i. e. MeOAc and EtOAC, is the 
thermodynamic terms such as AG x, fflIx and ASx which are the free energy of 
activation, enthalpy and entropy of activation respectively. The plot of 
AG x against the solvent mixture composition is a smooth curve and the plot 
of AH x and TAS X against the composition of the aq-DMSO have minima. 
Tommila96 explains that the smoothness of the AGx against solvent composition 
is due to the gradual changes in solvent composition which is brought about 
by the effects of changes in Afix and AS x and no sign of a minimum or 
maximum is evident in the AGx curve. AO and ASxchanges are compensatory. 
For a better indication of the effect of changes in Ali X and AGx Tommila 
96 
plots TAS x against AH '% and demonstrates that two straight lines crossing 
each other at a point which is the shallow part of the plot of AH 
X or TAS X 
against x DMSO CFigure C37)). These linear relationships between AH 
x and 
TAS x have been observed in many cases 
(97,120) 
The forms of the graphs of Alix and TASX as a function of solvent 
cow-position have been attributed to changes in the solvation of the species 
participating in the reaction as the solvent composition changes. For 
instance, since in aqueous solvent mixtures the water molecules have a 
specific attraction for the hydrophilic part and the organic molecules a 
specific attraction for the alkyl groups of a solute, then a variation in 
the composition of the solvent leads in general to changes in the solvation 
of the reactants and the activated complex. 
As far as the saponification reaction of ethyl acetate is concerned, 
the solvation of the hydroxide ion, the ester molecule, and the activated 
complex by the addition of dimethyl sulfoxide to water should be explained 
then in the context of the above thermodynamic terms. As previously 
mentioned, the addition of dimethyl sulfoxide to the water decreases the 
E 
cal) 12 
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Fig (36): Variations of E ancL., Iog A with solvent composition. 
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Fig (37): Plot of TASx against AHX. 
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solvation of OH- ion, and thus the enthalpy and en-66 -ropy of the system 
involving the OH- ion and its surrounding solvent molecules increase o. n 
the addition of dimethyl sulfoxide. At the same time, the situation of 
the other reactant, the ester molecule, is different. By increasing the 
dimethyl sulfoxide concentration the solvation increases and consequently 
the enthalpy and entropy of the ester decrease. Tommila comments that 
because the selectivity of an ion must be greater than that of an ester 
1. molecule 
40 
, the entropy and the enthalpy of the whole inItial state will 
increase with addition of DMSO. 71he activated complex may be solvated by 
both water and DMSO. By increasing the DMSO concentration the solvation of 
the activated complex increases slightly at first because there will be a 
range of the mixture in which there will be no displacement of the water 
of solvation for the activated complex. Then above this range the water 
molecule, because it is more firmly bound to the DMSO, will not be 
available for so lvation of the activated complex. Hence solvation there 
decreases continuously as the DMSO concentration is increased. Therefore, 
Ton. mila 
96 discusses the minimum in the plots of log A or E against the 
aqueous-DMSO composition as being due to the existence of minima in AO 
and A-Sx and therefore due to the solvation of the activated complex, which 
is represented schematically against the concentration of DMSO in Figure C38) 
Csingle prime for the initial state and double prime for the activated 
complex). 
Tommila's 96 work shows that velocity constant increases by decreasing 
the dielectric constant of medium using DMSO-H 20 mixtures. 11iis is in 
contrast with the data for the alkaline hydrolysis of ethyl acetate in 
97 aqueous mixtures of dioxane, acetone and alcohols . Figure C39) illustrates 
the effect of dielectric constants of the mixtures on the rate of saponi- 
fication. According to the Laidler theory 121 the slope of the plot of 
ln k versus 1/D for the reaction is given by the equation 
 
H 
I 
if 
0 
0 
I 
S 
/I 
s 
Fig (38): Schematic representation of solvation effects in DMSO-water mixtures. 
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Fig (39): Plot Of log k vs l/D at 25*C. 
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d ln k11+A+B 
2* 
(2.15) T(C-1/D) U2r4 
(L3 3 
Amrrr ABm 
where this relationship is for an ion (A) and dipole CB), in which the 
ji's and r's are the dipole moments and radii of the reactants and the 
transition state respectively. Furthermore, I is the Boltzmann constant 
and T is temperature of the reaction. Equation r2. lS) has two different 
parts, one involves the Z2e2 term and the other involves the term 2 ; L- 
A 
11 
. Since r>r if the first part prediminates the slope would be 
r 
3: t 
A 
A-' 
11 
2 
p4itive. In the second part ýýcan play an important part, for example, 
r3* 
if it is large, acceleration canl4occur with increasing dielectric constant. 
In aqueous-DMSO mixtures thb ion is desolvated and rA is small, also rA- 
decreases with decreasing dielectric constant. Another 2 possibility 
is that 
P 11* - the solvent can not polorize the transition state and - is small in the 
,3 4- r 
mixtures. Therefore, all the points are in favour of a 
Vositive slope 
which is in agreement with the Laidler equation. Although the slope is 
positive and the Laidler'equation is obeyed, tb: e large value of the slope 
remains inexplicable. Tommila 
96 
suggests that it is probably due to the 
desolvation of hydroxide, ion with increasing DMSO concentrations. 
Roberts (109,122-3) investigates the influence of aqueous-DMSO on 
ethyl acetate saponification along with other esters such as ethyl 
propionate, ethyl n-butyrate, ethyl benzoate, ethyl iso-butyrate, ethyl 
ý-phenylisovalerate and ethyl 2-ethyl butyrate. The concentrations of 
aqueous-DMSO mixtures for which the data obtained are in the range of 
0.20 to 0.65 mole fraction of DMSO. The rate constant increase is pTopor- 
tional to DIMSO content. Although Roberts 
109 has employed seven esters, 
as mentioned above, here for the sake of gaining further insight concerning 
the effects of solvent on the rate, the non-branched ester reaction and 
especially ethyl acetate is considered. The logarithm of -rate constant 
is plotted against the mole fraction of DMSO employing the equation 
log k2=M. X DYISO +a (2.16) 
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where k2 is the rate constpunt, m is the regression constant and a is 
another constant. As shown in Figure C40), the rate constant increases 
with increasing DMSO content. Also it is found that there are two different 
regions for solvent composition which can be obtained by intersecting the 
two linear parts of Figure C40). 'rhese two ranges of concentration are 
0.20 to 0.50 the region of molar excess of water content and 0.50 to 0.70 
the region of a molar excess of DMSO. The question raised is whether the 
discontinuity in the curve is due to the change of reaction mechanism as 
the solvent composition changes from a molar excess of water to a molar 
excess of DMSO, or is due to the solvent effect. 
Roberts 109 argues tlhat the reaction mechanism does not chalLge as the 
solvent COInPOsition changes. He also proposes the looser transition state 
Complex in aq-DMSO relative to aq-ethanol. In addition, an ion desolvation 
as a major contributing factor for the enhancement of the Tate is rejected 
for the following reasons: 
1- In spite of increasing the activity of the hydroxide ion with 
increasing DMSO which is in line with the observed value for the rate 
constant, this can not explain the discontinuity in Figure (40). 
2- With the small ion like OH-, which is hydrogen-bonded with 
water molecules as a single kinetic unit, in case of desolvation, the 
size of the OH ion must decrease by increasing DNISO concentration. Such 
a phenomenon should be reflected in the steric reaction constant C6) of 
the Taft linear free energy relationship 
124 
, but no changes 
in 6 above 
0.30mole fraction of DNISO have been observed. 
The plolt of E versus XDMSO passes through -a minimu. -a which is 
an indication of the existance of a specific solvation mechanism 
125 
and no 
evidence can be found -co relate the specific solvation to the anion 
desolvation. 
Robert s)work 
(122-3) 
of the alkaline hydrolysis of ethy-I acetate in 
aqueous DMSO mixtures shows an important solvent effect which is in 
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ill 
agreement with the Hughes-Ingold theory . The minimum in activation 
energy is observed at about 0.45 mole fraction of DMSO which is different 
from Tontdlals 96 results of a minimum in activation energy at about 
x 
DMSO 
= . 09. 
Roberts quantitatively shows the effect of electrostatic forces on 
the rate CFigure C41). According to his explanation in the region of 0.20 
to 0.50 mole fraction of DMSO the effect is entirely electrostatic 
interaction and can account for the observed rate changes. In the region of 
0.50 to 0.70 mole fraction of DMISO the molar excess of DMSO, the rate 
enhancement, can be attributed to a corbination of electrostatic and 
specific solvation effects. The latter may be due to the ability of 
DMSO to stabilize the transition state. 
Balakrishnan 110 and co-workers have reported the kinetic data for 
the alkaline hydrolysis of several alkyl acetates including methyl and ethyl 
acetate in 60,70 and 80% volume of DMSO in DMSO-water and in ethanol- 
water mixtures. 7heir main objective was to compare the results in aprotic 
and pro-tic solvents. The rates increase in DMSO-H2 0 mixtures while in 
ethanol-H 20 nuxtures the reverse is true and the rates - 
decrease with 
increasing the organic solvent. The rate acceleration in DMSO-H2 0 compo- 
sitions is attributed to the qombined effect of OH_ desolvation and the 
transition solvation. The authors comparing the data for the saponifi- 
cation of t he several esters at constant conditions of temperature and 
solvent composition of two systems of aqueous-organic mixtures conclude 
that the solvation of the transition state by DMSO compared to ethanol has 
a great contribution towards the rate enhancement. The relative rates of 
some esters are listed in Table CIS) which indicate that if the major cause 
of rate acceleration were the only factor of the OH_ desolvation, the 
sensitivity of all the esters should be the same, since the desolvation of 
019- is independent of the nature of the ester. According to Table CIS), 
as the b ulkiness of the alkyl group increases the relative rates in 
3.8 
Q 
-4 
" 3.4 0 r-4 
3.0 
.2 .4 x DMSO 
Fig (40): Effect of the mole fraction of DMSO on reaction rate of ethyl acetate. 
3.6 
cq 
2.8 
1.3 1.6 
2 10 x 1/D 
Fig (41): Effect of solvent dielectric constant on reaction rate of ethyl acetate. 
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DMSO-H 20 mixtures drop more quickly than those 
in the ethanol-H 20 mixtures. 
Table (15): Relative rates of alkyl acetates at 300C 
Ester DMSO 70% (v/v) 
EtOH 
70% (v/v)- 
Methyl acetate 1.000 1.000 
Ethyl acetate 0.455 0.649 
Isopropyl acetate 0.067 0.187 
t-Butyl acetate 0.004 0.010 
Cyclohexyl acetate 0.087 0.202 
The authors regard this to be in accord with Parker 
(32'126) 
and Ko's 
concept of loose and tight transition states for biomolecular reactions in 
dipolar aprotic and protic solvents. Clearly they explain that the 
increasing bulk of substituents around the reaction centre loosens up the 
transition state and it, is in a favourable situation for reaction in the 
protic solvent Cethanol-H 2 0), whereas a tight transition state or a 
less 
bulky molecule is favoured in an aprotic solvent such as DMSO-H2 0 mixtures. 
In addition, theseýinvestigators ploi log k against l/D for DMSO- 
H20 mixtures. The plot is linear with positive slope, but again the slope 
6 
is so large that when the Laidler-Landskroener and Amis equations are 
employed to calculate the magnitude of r Cradius of the transition state), a 
correct value of r can not be found. They describe this as a dramatic 
influence of DMSO on the solvation shell geometry. Figure C42) illustrates 
the plot of log k against x DMSO. They also calculate the values of the 
energy and entropy of activation for the two solvent SYS-LeMS in 60% volume 
of the organic solvents. Their estimation of the above factors in aeneral 0 
are lower for DMSO-H 20 mixtures than in aqueous-ethanol. 
Mey suggest that 
the involvement of highly solvated transition state is the major cause of 
the rate enhancement in DIMS041 20 mixtures - this conflicts with the inter- 
pretation of Tomila 
96 
. 
BA 
. 6- 
.8 
.4- 
.2[. 
6 
c 
0.8 
0.7 
0.6 
Fig (42): log k versus mole fraction of DMSO for A-MeOAC, B-ethyl acetate and 
C- isopropyl acetate at 30*C. 
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In order to resolve the conflict between tho Tomnila 96 explanation, 
attributing the very large rate enhancement to desolvation of the OH- 
ion in the d ipolar aprotic solvant relative to the protic solvent, and the 
Roberts 109 explanation attributing the effect to the ability of the dipolar 
aprotic solvent to solvate the transition state, Haberfield, Friedman and 
Pinkston 127 carried out the calorimetric determinations df the*relative 
enthalpies of the reactants for the reaction of the alkaline hydrolysis of 
esters including EtOAc in aqueous-DMSO and in aqueous-ethanol. Mey 
first of all measured the heat of solution of EtOAc in 60% mole DMSO and 
in 60114 mole ethanol, and then calculated the enthalpy of transfer of EtOAc 
from 0.60 aq-DMSO to 0.60 aq-ethanol. To obtain the enthalpy of transfer 
of hydroxide ion, they used the extrathe-rmodynamic assumption that the 
enthalpy of transfer of (n -C4H 9)4 N+ is equal to enthalpy of transfer of 
Cn - V04 B Then assuming that the rate-determining step isthle first 
step i. e. the reaction of the OH- ion and EtOAC and the formation of the 
tetrahedral intermediate 128 they worked out the enthalpy of transfer for 
the transition state using the following approach: 
The saponification reaction in the 60% mole DMSO-water mixture and 
in the 6 0'a role ethanol-water mixture can be writtqn respectively as 
follows: 
In 60% mole aq-DMSO, 
E 
EtOAc CH -ýl M (1) , cl) 
. 
(1) 
iII 
and in 6'0% mole AHE : AHOH 
16AHt (2.17) 
Ss aq-ethanol 4 i-Ez 
EtOAc (2) + OH C2) ,M (2) 
where -AH 
E 
and AH 
OH 
show the enthalpies of transfer of the EtOAc and the ss 
hydroxide ion, respectively, and the stun of them are shown to be SAIF s 
Ali E+ AH011, Cr is for reactants as a whole), . the E and E show the ss2 
activation energies for the reaction in the respective -media-, and are 
assumed to be approximately equal to All I and AH 2' the enthalpy of activation 
in the two solvents (thus E 1. t - .1= AH - LtH 6AII ), apd finally 6AII 221 
-T 
-I - 
4__ represents the enthalpy of transfer of the activated complex CM ). 
According to the albove system (equation (2.17)) the relationship between 
the above factors is written as 
AH E+ MOH- +E- 8mi t-E=0 (2.18) 
and consequently 
6AH t= Mr + 6AH * C2.19) sm 
Using equation (2.19), the authors calculated 6AH t for the reaction. 
The results for the alkaline hydrolysis of EtOAc are listed in Table C16): 
Table (16): Enthalpi s of Solvent Transfer of Reactants (SAH T) and 
Transition State (8H-) in K cal/mole, for the sa onification, s of 
ethyl acetate. 
Solvents 6AH *( E m2- El 
r EtOAc + AjjOH 6AH = AH alit ss s 
0.60 aq-DMSO 
to 4.0 C14.9 - 10.9) 13.95 =+0.29 + C- 
114.24) 
-lM 
0.60 aq-EtOH 
The authors comment that since the enthalpy of transfer of the ester 
K cal/mole o. 29 .) 
does not contribute significantly to the differences 
in SAIF, if the desolvation of the OH- ion in aqueous-DMSO we're the only S 
factor, 6AHr CEquation C2.19)) should be equal to 6AH and this leads to s 
the conclusion that a far larger effect would be expqcted than is actually. 
observed. But according to Table C16) the solvent effect on the value 
of &H'ý'-is due to the difference between SAH t =-10 K cal/mole and 
r Alls 13.95 K cal/mole. In other words, the very large desolvation 
of the hydroxide ion is not the sole factor of the very large rate 
enhancement in the DMSO-H 20 mixtures but is only partially reflected in 
the enthalpy of activation. 
Their conclusions are suiTmarized as: 
1- The solvation. of OH- in aq-EtOH is very much greater thm in 
aqueous-DMSO. 
-74- 
2- The cause of the solvent effect. on the rate and on. Alýis 
represented by the enthalpy of transfer of the transition state (6AIJ 
t 
relative to transfer enthalpy of the -reactants (6AIF), and the smaller s 
value of the 6H 
t (6Ht =-10.0) relative to the transfer eathalpy of the 
-reactants (SAHr --13.95) is attributed to the ability of DMSO to solvate s 
large polarizable anions. 
OH -t 
-ibuted to the 3- 7he difference in 6AII and 6H can also be att, sI 
degree of charge localization in the transition state. 
Figure (43) illustrates the relative enthalpies of reactants and 
transition state for the saponification of EtOAc in transfering from the 
60% moleDMSO mixture to 60% moleethanol mixture. 
Fuchs 129 and co-workers extend the study in aqueous DMISO still 
further. These authors determined the enthalpies of transfer of EtOAc 
from water to various aqueous-DMSO mixtures. Also they estimated the 
hydroxide ion enthalpies of transfer, using the assumption that AM s 
E '05)4P 
+ AAHS ICC B-]. Then the enthalpies of activation were cc 
- 611534 
employed to work out the transition state enthalpies of transfer using 
Equation (2.19). The data are listed in Table (17). 
Table (17): Transition state enthalpies of transfer in the 
base-catalyzed hydrolysis of EtOACat 259C 
Imo 1% Ea AM 
x MH- AAH- AAH t 
.S S 
DMSO K cal/mol CE 2-Ew (OFI-) (EtOk-) 
0 11.4 - 
3 11.2 - 0.2 -0.3 0.9 0.4 
6 11.0 - 0.4 -0.8 1.7 O. S. 
is 11.2 - 0.2 1.0 3.3 4.1 
28 11.7 0.3 6.0 4.2 10.5 
sl -12.3 0.9 12.2 3.8 16.9 
58 12.5 1.1 13.4 3.6 18.1 
The minimum, of the plot of e-athall)y of activation (or Ea) agaiT). st V, -je 
solvent coyosition occurs at about 10 mole. % DMSO (Table (17)). As 
previously stated, Tommila suggests that the mini" is due to a minimum 
aq-Et OH 4- aq DMLSO 
r 6AH 14 k ca. l, /Mol 
t 8M1 10 k cal/noi 
EA1 UA2 ý2 -4 k cai/moi 
Aq-DINISO 
Aq-Et OH 
Reaction Coordinate 
Fig 03): The relative enthalpies of reactants and transition state for He 
alkaline hydrolysis of EtOAc. 
14 
Reactants 
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in transition state solvation. But Fuchs and his co-workers 
129 
suggest that 
according to Table C17), the changes in transition state solvation do not 
have a minimum, although at the 6 mole % DMSO concentration region AM 
t 
is approximately constant. The major change in solvation appears to be an 
increase in solvation of the OH_ and is represented by a decrease in AAH- s 
from - 0.3 K cal/mol at 3% to - 0.8 K cal/mol at 6%, followed by desolvation. 
represented by the increase to 1.0 K cal/mol at 15%. At the same time, a 
decrease in solvation of the EtOAc molecule occurs represented by a change 
in LH- from 0.9 K cal/mol at 3% to 1.7 K cal/mol at 6'0, to 3.3 K cal/mol s 
at 15%. Therefore the results indicate that -the principal enthalpy factor 
at about 10 mole % DMSO is desolvation of EtOAc by 1.7 K cal/mol (Figure (44)). 
To establish that the free energies of transfer of neutral molecules'30 
and of ions 
131 from water to organic solvents are determined by the TAA s 
term as much as or more than by A&H , Fuchs, Hagan and Rodewald 
129 
s 
calculated the entropies of -transfer of 
EtOAc from water to aqueous DMSO 
119 132 
mixtures from the enthalpies - of transfer and free energies of trzansfer. 
These are listed in Table (18). 
Table (18): Free Energy, Entlialpy, and Entropy of 
Transfer of EtOAc from Water to Aqueous-DITSO at 25"C 
Mol Log Wy sc. 
AAG CK cal/mol) ws LAH TM DMSO 2.303 RT log yss 
11 0.088 0.12 2.5 2.4 
20 0.105 0.14 3.9 3.8 
30 0.024 0.03 4.2 4.2 
40 - 0.134 0.18 4.0 4.2 
so - 0.270 0.37 3.8 4.2 
59 - 0.421 0.57 3.5 4.1 
67 - O. S67 0.77 3.3 4.1 
80 - 0.675 0.92 3.1 4.0 
91 - 0.75S 1.0 3.0 4.0 
I The AAHs values illustrate that ethyl aectate is desolvated in all aqueous- 
DMSO mixtures relative to water, but AAG values indicate slight desolvation 
at low DMSO content and then increased solvation. with increasing DNISO. 
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Fig (44)a: Transition state enthalpies of transfer in th-- 
alkaline hydrolysis of EtO, %c at 25'C. 
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A411s and Ms reach maxima at about 33 mole % MMSO . 
(DIMSO, 2H 20 the 
concentration of maximum solvent structure' 
129 ). Nevertheless, the changes 
in TAAs are very small above 20 mole % whilst &MIs decreases smoothly, 
which brings about the observed decrease in AAG term i. e. the increase in 
solvation. 
129 Furthermore, Fuchs and his co-workers suggest that because AG 
(the free energy of activation) decreases by about 1K cal/mole over the 
range of 0-58 mol % DMSO, whereas Mx Cthe enthalpy of activation) increases 
by 1.1 K cal/mole, the solvent effect is an entropy effect and not an 
enthalpy effect. It is surprising that AH X does not diminish. Since if 
one assumes a tetrahedral transition state, one would expect desolvation 
with increasing DMSO to solvate a negatively charged oxygen 3tom as in. OH- 
and Cii) the "hole" energy -required to provide a vacancy in the highly 
structural mixed DMSO-H 20 solvent system, is greater th, -m for OR. 
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-ion Rate 
32 2.1.4. S: Tho Effect of Dipolar Aprotic Solvents on React 
One of the solvents used in the work described in the previous s*ection 
was DMSO. This solvent differs from the other solvents used in that it is 
what Parker 
32 
classifies as a dipolar aprotic solvent. It is therefore 
appropriate to consider Parker's concept of the effect of proti: c-dipolar 
aprotic solvent mixtures on the rates of biomolecular reactions. 
Parker in his analytical and complete review 
32 discussed the progress 
which had been made since 1961, concerning the effect of solvents on the 
rates of three types of reactions i. e. one-step substitution (SN2), two- 
step addition-elimination and the one-step addition-eliminata4 -o tion reactJ ns From Lhese types of reactions, the two-step addition-elimination reaction, 
which includes the alkaline hydrolysis of aliphatic esters, will be con- 
sidered. This type of reaction is written by Parker as 
yy 
y: +Z= cx ->ýz = cl -x -> Z-_ C, -x -> Z=c- Y++ X-: (2.20) 
RRR 
This equation represents the substitution reactions of carbonyl, aryl and 
vinyl compounds. 
An important point is the idea of the classification of solvents and 
their properties. Parker considers that there are two groups of solvents: 
protic and dipolar aprotic solvents. Protic solvents, such as water, 
methanol, formamide, acetic acid and ammonia, are strong hydrogen-bond 
donors. Dipolar aprotic solvents, such as dimethyl formamide 
CDMF), dimethyl acetamide (DMAC), dimethyl sulfonide CDMSO), acetone and 
acetonitvile are not hydrogen-bond donors but are highly polar. In this 
classification the solvents of low dielectric constant CD < 15) are not 
considered because in these solvents ion aggregation becomes so extensive 
that the observation of solvent behaviour becomes difficult. Hydrogen 
bonding is an important factor in determining the effects of protic solvent- 
dipolar aprotic solvent mixtures on rates of reaction, and it may lead to 
structure-making and structure-breaking interactions assiciated with e. g. 
water, which are likely to be responsible for the r-banges that are brought 
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about by protic solvent-dipolar aprotic solvent mixtures. However, other 
factors e. g. dispersion forces, ion-dipole and dipole-dipole interactions 
which overlap the classification must also be taken into account. 
To deal with the effects of solvents on the rates of reaction, 
Parker chose the thermodynamic treatment of a hypothetical equilibrium 
between reactants and activated complex i. e. the absolute rate theory. 
Defin'Ing the bimolecular reaction as 
A+B --- M -ý- products (2.21) 
he derives the following expression 
YAYB 
k= ko (2.22) 
Y m 
where all the terms have been described previously in chapter one. 
The activity coefficient terms can be defined by the relationship, 
s0+ 
RT ln 0s 11A A YA (2.23) 
where 
0S 
represents the activity corf-ficient of reactant A in solvent S YA 
0S0 S* 
compared with the reference solvent 0, similarly for YB and yM (the 
superscripts are understood if there is no ambiguity). 
From the above equation (Equation 2.23) the chemical potential 
term of any species will change when the solvent is changed and Parker 
associates that change with changes in solvation. Hence changes in the 
solvation of the reacting species A, B and M, are the main feature of the 
t 
solvent effect on reaction rates. Additionally YM in equation (2.22) 
provides information about the structure and charge distribution of the 
activated complexes by comparison with the activity coefficients of other 
species. 
According to Parker the order of solvation of protic, solvents is 
different from that of dipolar aprotic solvents, and that e. g. polar 
solutes, especially those which are large and very polarizable, are 
usually more soluble in polar and polarizable dipolar aprotic solvents 
(e. g. DMSO) than in m6thanol. 
Parker quotes e. g. among others, the solvent activity coefficients 
of EtOAc, t-BuOAc, CH 3 CH(O Et) 2 (Acetal = acetaldehyde diethyl acetall 
and H 20 in DMSO-H 20 mixtures with reference to solvent water, and are 
representel in Table (19). 
Table (19): Solvent Activity Coefficients of NonelectrolXtes in 
DMSO-H,, O Mixtures (Reference Solvents: Water at_25"C) 
Mole fraction Log 
IV ys(nonclectrolytes) 
of DMSO I 
Cil 3 CH Co Et) 2 EtOAc . t- 
BUOAC . 11 2 0. 
0.00 0.00 0.00 0.00 0.00 
0.10 0.139 0.088 0.010 - 0.025 
0.20 0.309 0.105 - 0.110 - - 0.0032 
0.30 0.345 0.024 - 0.272 - 0.148 
0.40 0.205 - 0.134 - 0.465 - 0.229 
0.50 0.043 - 0.270 . - 
0.690 - 0.305 
0.60 - 0.126 - 0.421 - 0.925 - 0.374 
0.70 - 0.289 - 0.567 - 1.138 - 0.436 
0.80 - 0.450 - 0.675 - 1.315 - 0.493' 
0.90 - 0.599 - 0.7S5 - 1.492 - 0.553 
The negative vlaues of the term log wy s at high concentrations of 0 
DMSO show the higher solubility of the nonelectrolytes in DIMSO. However, 
according to this table EtOAC, and acetal, which are hydrogen-bond acceptors, 
are more soluble in water than in DMSO-H 20 mixtures of low DMSO content. 
The 'reason, as Parker put it, might be the competition by DMSO for hydrogen 
bonds donated by water and the well-developed structure of DMSO-H2 0 
mixtures. t-Butyl acetate is better solvated in DMSO-H2 0 mixtures than in 
water because it is a large polarizable molecule. 
In the solvation fo diect-rolytes, Parker pointed out that me reason 
why equation (2.22) had not been used was the difficulty of measuring the 
single ion solvent activity coefficient. Me alternatives for measuring 
the activity coefficients of ions were considered by Parker. 
Firstly, it is possible to estimate the activity coefficient of a 
single ion by choosing an anion or cation (e. g. R) as a reference ion and 
-so- 
to take its activity coefficient as unity. Pseudo-solvent activity coefficients 
ys+, relative to 0S -j using the molar concentration solubility products M YR 
of a salt CMX) in the solvent can be estimated as follows: 
log ko/ks CMX) = log oys, -+ + log 0ys= log 0s IM cl x iy m 
C2.24) 
However, this procedure leads to some features (although non thermodynamic) 
133 
of the effects of solvent on the rates of reaction being obscured 
7he second method is to use extra thermodynamic assumptions, of which, among 
those available, the tetraphenylarsonium tetraphenylboride method has proved 
popular 
(130,134-5) : In this method, it is assumed that Oy s ph 4 As 
+=0ys ph 4B- 
and the. value of these activity coefficients can be obtained from the solubility 
products of ph As B ph in various solvents. This assumption can be 44 
expressed as: 
log Oysph4 As+ '= log 
0 YSP114 B- = 1/2 log (ko/ks)(ph 4 As Bph 43 (2.253 
where k represents the molar concentration solubility product in a given 
solvent, and ko the solubility product in a reference solvent. Activity 
coefficients for other ions can then be determined by studies of the 
solubility products of Ag+Bp1h 4 and ph 4 As Br. Cor Naph 4B and ph 4 As Cl) 
Parker's results show that small anions, ions derived from atoms 
in the first row of the Periodic Table, are much more solvated by protic 
0s. 
solvents than aprotic solvents, i. e. log yý is very positive when solvent 
o is protic and s is dipolar aprotic. 
The results also show that polarizable anions Ce. g. picrate) are more 
solvated by dipolar aprotic solvents than by protic solvents, and that large 
anions Ce. g. B ph 413) fit poorly in highly structured solvents whose 
molecules are small Ce. g. H, )Oj. 
So far the solvation of nonelectrolytes and electrolytes has been 
discussed and so the solvation of the anionic activated complex should now 
be considered. As Parker points out the 
t- term can be estimated by Yý 
equation (2.22). lie used this equation and calculated y* for some M 
bimolecular substitution reactions between anions and molecules at 2SOC in 
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protic and dipolar aprotic solvents with reference to methanol solvent. He 
considered that these reactions were all faster in dipolar aprotic solvents 
because the reactant anion, y-, is much more solvated by protic than by 
dipolar aprotic solvents and this outiveighs any effects due to transition 
state anion or reactant molecule solvation. This draws attention to the 
importance of the value of 'ýion in equation (2.22). The activated complexes 
have lower activity coefficients than the corresPonding anions when the 
reference state is protic solvent (MeOH), and the given solvent is dipolar 
parotic solvent (e. g. DMSO, DMF). However, there are two anions, B- (the 
ionic reactant) and M. M is large and p6larizable, B- has a large charge 
density. Since Parker concludes that the In y term for the reactant 
molecule CA) is often small and even when it is large, this effect will be 
transferred to the activated complex - the ratio YA. I'YT- can be taken as 
fairly constant, therefore Parker concludes that the aominant factor in 
determining the effect of solvents on the rate of substitution reactions is 
the solvation of reactant anion. 
In summary, protic-dipolar aprotic solvent mixtures (e. g. DMSO-1i 20 
and DMSO-alcohol mixtures) are very useful reaction media, because salts 
such as KOH, NaOH, KCN, KF, KHCO 3 are not too soluble in e. g. pure DMSO. 
This is interpreted as arising from the fact that the OH-, F- and CN- anions 
are poorly solvated by the pure dipolar aprotic solvents. In addition all, 
reactions represented by equation (2.20) are faster in the mixtures of 
protic-dipolar aprotic solvents than in the pure protic solvents. Parker 
considers that the solvation of the reactant anion and the reactant molecule, 
and the activated complex all need to be considered in a study of the rate 
enhancement by the aprotic solvent. However, lie concludes that the main 
factor in determining the rate increase is the change in reactant anion 
solvation, when DMSO is added to methanol. His discussion leads to the 
conclusion that rates of anion molecule reaction CEquation C2.20)1 increase 
continuously with increasing dipolar aprotic solvent in the-mixtures of 
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protic-dipolar aprotic solvents. 
Parker reviews the works of Tommila and Murto 
96 
, and Roberts 
136 'on 
the alkaline hydrolysis of esters in the context of aqueous-DMSO mixtures 
as solvent, and again concludes that-the -reactant anion solvation is very 
much the major factor in determining the rate increase on adding DNISO to 
water CFigure (45)). This figure shows how the change in solvation of B- 
in going from water to aqueous DMSO and the only slight change in the solvation 
of M results in a reduced energy of activation, and hence an enhancement 
of the rate of the alkaline hydrolysis of esters. 
Energy 
of 
Activation 
A+B solvated 
Reaction Coordinate 
: ed 
<E1 
Fig C4S): The influence of aqueous-DYISO on the alkaline hydrolysis of esters. 
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2.2: Acid-Catalyzed Hydrolysis of Esters. 
2.2.1: Reaction Mechanism 
For the hydrogen ion catalyzed hydrolysis of esters, two mechanisms 
can be considered; the unimolecular mechanism and the more common one, the 
bimolecular mechanism. These mechanisms proceed by acyl-oxygen fission 
which is similar to that of the base hydrolysis of esters. The evidence 
for the acyl-oxygen rupture comes aaain from the stereochemical 
71 
, mesomoric 
72 
and tracer 
C69,75,78-9,139) 
studies and is the same as in alkaline hydrolysis. 
T"he first stage of the reaction involves a pre-equilibrium 
26 
of the 
ester with hydrogen ion to forn, a protonated ester: 
+ faast. -, + R COOR +H Ti-sf R COO HR (2.26) 
This is believed to be a rapid reaction and occurs before the addition 
81 of water to the carbonyl group. Bender explains that since most carboxylic 
acid derivatives are weak bases they are protonated to some extent in acidic 
solution. The position of the attachment of the proton on the ester molecule; 
81 138 was found to be on the caTbonyl-oxygen atom , Fraenkel , investigating 
the nuclear magnetic resonance spectra of methy1formate dissolved in very 
strong acids, also illustrated that the protonation of esters takes place 
on the caTbonyl-oxygen atom. This was also confirmed by the work of Bunton 
139 
1 
and his c o-workers. 
Of the above mechanisms, the unimolecular and the bimolecular 
mechanisms, the fission WE the oxonium ion, in the first one, is slow and 
it is the rate-determining step. This leads to a carbonium ion, R"'CO 
4- 
which 
then reacts rapidly with water and lastly a proton is expelled. In this 
mechanism, as it is seen below, the two middle reactions characterised this 
reaction and thus the mochanism is called unimolecular and is labelled 
A AM 
26 
* 
-33-, 
+ _fmt + R-CO OR +H 'Ya-s TR CO 0 ILR (2.27) 
CO O+IIR --*ýOýý Rý C+O + HOR (first order rate- F -as-t determiriing step) 
R, CO++ OH -. 
fas-t- R' COO +H 
+2 
fast 2+ AAM 
R CO 0H R/ CO OH +H 2f -a ist 
The bimolecular mechanism 
(26,69) 
,A AC21 is derived from the unimolecular 
mechaTfisifi. Since the life of R"CO+ is reduced to the order of a collision 
period, then the second and third stages can be summarised as a single 
bimolecular process. This stage becomes the rate-determining step in the 
following equation. 
R'CO OR + H+ a" R"CO O+HR (2.28) fast 
CAAC2) 
R/ CO 0+ HR + OH s 
low R/ CO 0+H+ HOR Csecond order rate- 2Y ýow 2 determining step) 
R/ CO 0+H 
Aa3 
RýCO OH + le 2 fast 
The rate-determining step in the A AC2 mechanism can be either water molecule- 
carbonyl addition 
00 
11 + aj ow. +I+ fast- H0+C-0 HR -T= c0 HR C2.29) asy 
H0 2 as 2 -slow 
R 
0 
H2 0+- C+ HOR 
I 
or a nucleophilic substitution 
00 
11 + sl w -1/2+ 11 -1/2+ H0+c0 HI R0... C ... OHR 
(2.30) 
2111zI" 
RR 
0 
11 
H20 
-- 
C+ HOR 
I/ 
R 
However, these are the limiting cases and the actual intermbdiate 
complex has a greater stability and a charge distribution between those C, 
shown above. 
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In the two mechaninss A ACI and A AC2 , both require the-pre- 
equilibrium stage, also they both are first order with respect to ester at 
all acidities. In dilute acidic solution only, both are of first order with 
respect to hydrogen ions but in concentrated solutions of strong acids 
the reaction becomes first order. Ingold 
26 
explains that, of these two 
mechanisms, A AC2 is the most common mecnanism in 
dilute or only moderately 
concentrated acid solution, e. g. dilute solutions of hydrochloric or 
sulphuric acid. Thus the rate of reaction for the acid hydrolysis in 
aqueous solvents can be written as 
Rate of Reaction =k2 [R CO 0+ HR] [H 203 
(2.31) 
Kinetically this is equivalent to the addition of H30+ in a bimolecular 
rate-determining stage and therefore equation (2.31) can be written as 
Rate of Reaction =k2 [R 
/ COOR]JH 30+]= k[R 
/ COOR][H 2 0][H+l 
C2.32) 
Equation (2.32) was established by the study of the kinetics of the 
acid hydrolysis of methyl acetate 
137 
, using acetone as a solvent and sufficient 
water 'to react with the ester. Thus in the activated complex structure, a 
molecule of ester, a molecule of water, and a proton have to be involved. 
311 Bender by studying the perchloric acid hydrolysis of ethyl benzoate in 
18 
water enriched in 0 found -that the rate of exchange of oxygen between ester 
and water was about 20%, which indicates a long lived intermediated complex 
e. g. 
0 
1 
H2 0+ -C- 0+HR 
11. R 
7bus the complex in the mechanism A AC2 is a molecule and not a 
transition state. This work also shows that the life of the complex is long 
enough for hydrogen to migrate from one oxygen to the other in the complex 
and consequently exchange of oxygen between ester and water occurs. 
-S4- 
The principle of Bender's mechanism can be written as 
0 0- t. 
18 Ii ++I+ if 20+C0 HR -w- H20 19 C0 HR 
R, CO 18 H++ HOR 22 
+ H0 
H0+0 is C-0+ HR 0- -C- O+HR (2.33) 21 18 11 
RR 
Furthermore, on the account of solvent effect on the rate of acid 
hydrolysis of esters, a cyclic activated complex h! Ls been proposed 
107 
which 
is written as follows 
If 
6+ 
% 
RH 
activated complex' 
O-R 
H 
H 
0+ 
H C2.34) 
Studies 81 of the'effects of various solvent mixtures on the rate of 
reaction indicate that the rate of reaction increases 
C97,107) 
with an 
increase in the dielectric constant of the medium, which indicates that the 
activated complex is more polar than the reactants. In addition, the 
activated complex in equation (.. 34) illustrates the reduced entropy of 
activation which is brought about by the electrostriction of the water 
molecule. 
However, Bender 81 criticises this activated complex CEquation C2.34)) 
because it ignores the formation of a tetrahedral addition intermediate in 
the first step of the reaction mechanism. But he further explains that 
this objection can be met by modifying the transition state so that to 
include the carbonyl oxygen atom and place the leaving group out of the 
R OR 
cyclic structure. 
C 
if -00 
H 
0V 
H II 
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2.2.2: ne Acid Hydrolysis of Methyl md Ethyl Acetates in Water 
Based upon the previous general discussion of the mechanism of the 
acid-catalyzed hydrolysis of esters, the following scheme car. be considered 
for either methyl acetate or ethyl acetete. 
0H 
11 
0+ CH 3-C- OR +H3 CH 3 CO+- OR +H20 (2.35) 
00 
slow +I+ H20+ CI - 04'HR H20-c0 HR (2.36) 11 
CH 3 CH 3 
o- 
1-++ 
CH 3-cH20+ HOR -> CH 3 COOH + HOR +H 
(2.37) 
where R is either CH 3 Cmethyl acetate) or C2H5 Cethyl acetate). 
This mechanism indicates that equation (2.36) is the rate-determining 
stage and therefore the reaction is of the second order with respect to 
the water and protonated ester molecules CEquation (2.38)) slid the overall 
reaction rate will be given by 
Rate of Reaction =k2 [CHýCOO+HR]jH 203 
(2.33) 
and 
Rate of Reaction =k2 K[CH 3 COOR][H+][H 2 0] 
C2.39) 
where K is the thermodynamic equilibrium constant of equilibrium C2.35). 
Furthermore, as it is seen from equation (2.39), since the concentration 
of water remains approximately constant during the course of the reaction, 
and the reaction is catalyzed by hydrogen ion, that is, the hydrogen ion 
concentration does not change during the reaction, the acid-catalyzed 
hydrolysis of the esters in water can be considered kinetically of the first- 
order with respect to the ester, and expressed as 
Rate of Reaction =kIa [Ester] C2.40). 
where a is constant and k, is the first order rate of reaction. 
Some values of the velocity constants of the acid hydrolysis of 
methyl and ethy'L acetates in water are listed in TaIDIes C20) and C21). 
-Sri- 
Table (20): 'Ihe Acid-Catalyzed Hydrolysis of 
Acetate in Water by Titration Method 
Temp OC HCl conc. 
mole/lit 
k, x_10 
[SEC ] Reference 
ls. 00 0.05 0.200 (140) 
25.00 0.05 0.535 C140-2) 
25.00 0.10 1.06 (144) 
25.00 0.1005 1.09 (145) 
25.00 0.190 1.96 (146) 
25.00 0.200 2.14 C144) 
25.00 0.5024 5.85 C145) 
25.00 0.8275 10.00 C14S) 
25.00 Cal 1.00 11.5 (147) 
25.00 Cal 1.25 15.3 C147) 
25.00 1.800 26.82 C1451 
25.00 2.429 34.63 C1451 
35.00 0.100 2.82 C1481 
35.00 0.1005 2.77 C1451 
35.00 O. SO24 14.73 C1451 
35.00 0.8275 25.43 C1451 
35* , 00 1.800 63.07 C1451 
35.00 2.429 105.78 C1451 
35.30 0.100 3.23 (1441 
40.00 0.05 2.090 C140-11 
50.0.0 0.05 4.790 (140-1) 
60.00 0.05 10.45 C141) 
60.00 0.05 10.70 (143) 
(a): By flow microcalorimetric method 
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Table (21): The Acid-catalyzed Hydrolysis of Ethyl 
Acetate in Water by Titration Method 
Temp OC H%Cll conc. « 
Mole/lit 
k1 x-lo 
5 
[sec ] Reference 
0.00 2.35 2.17 (148) 
0.00 4.63 5.15 (148) 
0.00 7.18 9.83 (148) 
0.00 9.21 12.00 (148) 
15.00 0.05 0.202 (140) 
25.00 0.05 0.535 (140) 
25.00 0.05 0.545 (141) 
35.00 0.1 2.73 (148) 
40.00 0.05 2.09 (140) 
40.00 0.05 2.14 (141) 
45.00 0.02 1.12 (149) 
45.00 0.05 2.8 p50) 
45.00 0.10 5.3 (149-50) 
45.00 0.30 13.74 (149) 
50'. 00 0.05 4.79 (140) 
50.00. 0.05 4.97 (141) 
60.00 0.05 10.85 (141) 
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Table (22): The Acid Lydrolysis of MeOAc and EtOAc in Water 
Tem *C HC1 conc. 
kIx 10 5 (sec -1 ) 
R f p mol/lit e erence 
MeOAc E-tOAc 
is 0.05 0.200 0.202 C140) 
25 0.05 0.535 0.535 (140-2) 
35 0.10 2.82 2.73 C148) 
40 0.05 2.09 2.09 C140-1) 
so O. Os 4.790 4.97 C140-1) 
60 0.05 10.70 10.85 C140,143) 
Table C22) gives the rate constants for the acid hydrolysis of MeOAc 
and EtOAc for similar temperatures and IM concentrations, taken from Tables 
UO) and (21). Table (22) shows that the rates of hydrolysis are identical 
within the experimental errors. This is consistent with the statement 
of Molewyn-Hughes 3 that in the acid hydrolysis of esters, (R'COOR), the 0 
rate of reaction is sensitive to the nature of Rý but insensitive to the 
nature of R. 
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2.2.3: The Effect of Aqueous-Organic Mixtures on the Acid-Catal 
Hydrolysis of Carboxylic Esters 
Since, in contrast to the alkaline hydrolysis of the aliphatic esters, 
which is a reaction between a negative ion COH-) and a neutral molecule 
Cester), the acid-catalyzed hydrolysis of the aliphatic esters is believed 
to be a reaction between a positive ion (protonated ester) and a neutral 
molecule Cwater), a review of the studies of the effects of various 
aqueous-organic mixtures on the rate of reaction can bring about a further 
insight into the subject of solvent effects on ion-molecule reactions. 
The expected trends from the concepts'of Hughes and Ingold and the 
theories of Laidler and Eyring, and Amis and Jaffe for the acid hydrolysis 
of carboxylic esters, with changing concentration of water in aqueous- 
organic mixtures are shown in Figure (46). The effect of aqueous organic 
.I 
mixtures will be considered on the basis of the above electrostatic theories 
as well as other specific effects in the following discussion. 
Harned and RosS144 neasured the rate of the acid hydrolysis of methy! 
acetate, catalyzed by 0.1 and 0.2 M hydrochloric acid at 25 and 350C, in 
the mixtures of dioxane-water, ranging from 0 to 90% by weight of dioxa-ne. 
The results-indicate that the values of the first-order rate constant k 
increase with increasing dioxane composition to a maximum at 15% dioxane, 
and then pass through a minimum at 80% dioxane. 7he plot of k/CHC1, where 
CHU is ihe molarity of the hydrochloric acid, with dioxane weight percent- 
ages is shoum in Figure C47). 
To study the effect of the media on the rate of the reaction, the 
authors applied the BronstedC4 
8,151) 
reaction velocity equation, which had 
been shown by Eyring 
152 to result from the activated complex theory. They 
assumed that the reaction was of the first-order with respect to ester, 
water and the hydrogen ion, and th-arefor used the equation 
k ko. mHci. aH 
YeYH+ 
(2.41) 
2 6. 
wherey *is the activity coefficiallt of the activated complex, k is the m 
k 
x water 
Fig C46): lbeoretical curve for acid hydrolysis of EtOAcý- 
I 
6 
k/C x 10 
s 
HC 1s 
4 
10 30 so 70 90 
wt% dioxane 
Fig (47): Plot of k/CHC'l against weight percent of dioxane at 2SOC. 
I yHC1 
yH 20 
log y0 
ye 
10 30 so 70 
wt% dioxane 
Fig (48): Plots of the logarithms of the activity coefficients yfIC1, 
yt:, yH 20 and ye against weight pe-r cent dioxane at 2S*C. 
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observed first-order velocity constant, and r"HC1 aH20, Ye and 
YH+ 
represent the molality of HC1, the activity of water, the activity 
coefficient of the ester and of the hydrogen ion respectively. They also 
assuned that 7H+ = YHC1 so that equation C2.41) becomes 
YeyHcl 
k= ko. %Cl. aH 6 2- 
C2.42) 
Me authors calculated the values of y--* from equation C2.42) having at M 
their disposal all the required values in the equation. For the aH 20 term 
they used the partial vapor pressure measurements of Hovorka and his co- 
153 
workers . To compute the activity coefficient (the nean activity 
coefficient; y± Hcl) of HC1 in the mixtures relative to its vAluc in 
water, they employed the electromotive force measurements of the cell, 
154 H 21 KlCm), Dioxane Cx), H 20CY) 
jAgCl-Ag, by Harned etal . Also the authors, 
using the vapor pressure measurements of methyl acetate, determined the 
relative activity coefficient of riethyl acetate in the mixtures. Table C23) 
shows all the above values. Further, they assumed that the presence of HCl 
does not affect the values of ali 20 and 
Ye and therefore these values were 
obtained in the acid free solvents. Moreover, all the activity coefficients 
were referred to unity in water at a given HCl concentration. 
Table (23): The Activity Coefficients of the Activated CMV1 
for the Acid Hydrolysis of MeoAc 
x 
wt% of Dioxane 
ye 
molality scale 
krjjCl. a"20 -*Ye tilcl 
y H20 
4- 
YMt- 
0 1.000 1.00 1.00 1.00 1.00 
10 0.940 1.13 1.13 1.10 1.00 
20 0.874 1.27 1.28 1.23 1.00 
30 0.796 1.38 1.50 1.37 1.09 
4S 0.643 (estimated) I. S8 2.03 1.70 1.29 
60.1 0.467 C60%1 2.00 3.20 2.22 1.60 
70 0.368 2.23 S. 14 2.82 2.31 
7S 0.332 (estimated) 2.40 6,89 3.311 2.87 
80.3 0.297 C80%) 2.72 9.60 4.01 3.53 
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The plots of all the y's against the weight per cent of dioxane are 
shown in Figure (48). According to Figure (48), the coefficients, 'Y+- HC1, 
7H 0 and Y 
4: 
increase with increasincr the concentration of dioxane while Ye 2m CP 
-ficients increase with decreases. Comparing'ýH 20 with 
Ym both activity coefl 
, 155 decreasing d ielectric constant as predicted by Bora's equation. However, 
since the transition state is larger than the 11+ ion then one would expect 
Ir + 
again from Born's equation, that the y of the larger ion W) would be smaller 
than that of the smaller ion (H+). Furhter, Harned and Ross 
144 
noted that 
YH 0 has approximately the same magnitude as'y*-+HC1. Nevertheless they 
,2*+ 
concluded that on changing Cie compositicn of the solvent-mi--tureyM behaved 
more like an ion, than a neutral molecule, since -yýýtbehaved 
more like than Thus not unexpected behaviour lends support to the Y+HCl Ye* 
/'ý 
validity of the Bronsted theory. 
According to the Amis 
39 theory, a plot of log k Clogarithm of the rate C, 
of reaction) against I/D CD = dielectric constant) should yield a straight 
line with positive slope for the reaction between positive ion and dipolar 
molecule. Nair and Amis 
156 
used the data of Nair and PjiantakrisnanlS7 for 
the hydrolysis of EtOAc by HCl in dioxane-water mixtures and in acetone- 
water mixtures of zero to 90% compositions of the organic component, to test 
the theory. They plotted log k" (where V= k/CH 2 0, where k is the 
first 
order rate constant and CH 20 the concentration of water 
in the nixturej 
against I/D for the dioxane-water and acetone-water solvents CFigures C49). 
and (50)). Taking the middle straight portions of the curve (Figure C49) 
marked A) they claculated the values of r Cthe radius of the intermediate 
complex) to be 9.08 A, 9.18 A and 9.50 Ao at 3S*, 4S* and 55*C respectively. 
7he authors believe that the values for r are reascnable. For the low 
values of l/D (Figure (49) marked B) they considered a linear portion and 
found the smaller values of r e. g. 7.0 A, 7.5 A and 7.3 A respectively 
at 35% 45* and 55*C. 
Nair and Amis 
ISO 
also used the s: bnilar plots of log 1ý/C versus I/D 
(Figure (50)) for the acid hydrolysis of EtOAc in acetone-water mixtures. 
SSOC 
2.90 
2.70 
log k 
2. SO 
2.30 
2.10 
1.90 
1.70 
B 
I 
;1 
oc 
35 *C 
1.50 ,II -- II-11 
0.04 0.12 '0.20 0.28 l/D 
Fig (49): The data for the acid hydrolysis of EtOAc in dioxane-water mixtures at 350,45* and 55*C. 
3.10 
2.90 
2.70 
2.50 
log k 
c 2.30 
2.10 
1.90 
1.70 
1.50 
Fig (50)-. The data for the acid hydrolysis of EtOAc in acetone-water solvents 
at 350,45* and 550C. 
0.018 0.028 0.038 0.048 1/D 
-'J 2- 
Using the first straight portions of the plots, (Figure (50) marked A) they 
estimated the values of r, i. e. 5.21 A, 6.19 A at 35*C and 45*C respectively 
(the value of r at SSOC was not calculated by the authors becaus-- it yielded 
an unreasonably large value of r). 
In commenting on the effect of solvent on the rate of reaction, the 
authors believe that a specific solvent effect espec. -Aally at high temperature 
masks the electrostatic influence of the dielectric constant. Further, they 
pointed out that in the treatment of the log k against Da substance like 
water which enters into the reaction mechanism can not be ignored. 
Tommila and Hella 
141 
studied the hydrochloride acid catalyzed hydrolysis 
of ethyl acetate, ethyl propionate, methyl acetate and propyl acetate in 
acetone-water mixtures and found that k2 /IH 2 0] or Ck-") increased when water 
concentration decreased from 1000 ml to about 800 ml per litre, and then 
it remained constant imtil at high acetone content, it increased with 
decreasing water concentration. The plot of k'/k' CV =k /[11 and kw w2 201 
k2 (in water)/[55.56]) against xw, mole fraction of water, for the acid 
hydrolysis of EtOAc is Aown in Figure (51). 
Torrimila and Murto 
140 investigated the acid hydrolysis of EtOAc in 
various DMSO-H 20 mixtures and compared the -results with those obtained by 
Tommila and Hella for the reaction in acetone-H 20 mixtures. Figure 
C52) 
illustrates the variations of k/kw Ckw is the rate constant in water) as 
a function of the solvent composition along with a similar plot for acetone- 
H20 mixtures at 250C. As it is seen from Figure (52), in DMSO-H 20 mixtures, 
the ratio of k/kw passes through a maximum 'at the concentrations of water 
about 650-750 ml/lit, whilst in acetone-uater mixtures the similar maximum 
is not observed but at very low concentrations of water a maximum does 
appear. 
To compare U (the energy of activation) and A Cthe frequency factor), 
To. mmila and Murto 
140 
plotted the calculated values of E and log A against the 
mole fraction of water (Figure (53)) in DNIISO-H 20 and acetone-11 20 media. 
The 
plots (Figure (53)), pass through a m. 1nimum with decreasing the proportion 
8.0 
7.0 
6.0 
S. 0 
k/ /k"w 
4.0 
3.0 
2.0 
1.0 
x 
Fig "51): The acid liydrolysis of EtOAc in aqueous-acet-one rixtures. 11 
0.8 0.6 o. 4 0.2 0 
I. S 
1.0 
k/kw 
O. S 
C2 
\1 
0 
1000 600 200 0 
H20 (ml/lit)- 
Fig (S2): Acid hydrolysis of EtOAc in DMSO-H 20 mixtures Cl) and in acetone- water mixtures at 250C. 
18 
17 
E Ck cal) 16 
is 
14 
8.0 
7.0 
log A 
6.0 
5.0 
1 
. 
0.6 0.2 0 
xw 
Fig (53): Plots of E and log A against mole fraction of water for the acid 
hydrolysis of EtOAC- in DMSO-H 20 (1) and acetone-H 20 C2) 
mixtures. 
2.0 
log 10 6kl. s 
1.0 
O. S 
106 log 10 k2 
log 10 6k0 
log 
130 170 4110 10 
4 /D 
Fig C54): Plots of log k2 and log k** against I/D for the acid hydrolysis of 
EtOAc in DMSO-H 20 mixtures at 250C. 
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of water, then reach a maximum at about -x org. = 0.7-0.5, and then the curves 
fall steeply. In comparison to the alkaline hydrolysis of EtoAc in DMSO- 
H20 mixtures, the curves do not fall. steeply at low water concentration, but 
they rise continuously. Further, in contrast to the alkaline hydrolysis of 
EtOAc, the plots of E and log A Versus mole fraction of water, for the acid- 
catalyzed hydrolysis of EtOAc in acetone-water mixtures ru-1 above those in 
DMSO-: H 20 mixtures. 
The plots of log k and log k' (k" =k /IH 0)) agains$. l/D for the acid 2 Cý 22 
hydrolysis of EtOAc in DMSO-H 20 mixtures are shoi%m in Figure (54). The plot 
of log V versus l/D is for the main part a straight line with a positive 
slope, predicted by the Amis 
39 
equation, 
ln k= ln kD 
=co 
+ 
Ze 
IT 
C2.43) 
for a reaction between a positive ion and a dipolar molecule. Tommila and 
Murto 140 , on the basis of the reaction being between a positive ion (the 
protonated ester) and a dipole molecule water, estimated the value of the 
slope of the straight part of the plot of log ký against l/D CFigure (54)) 
to be approximately 35. Then using the value V 1.9 Debye units for 
water, they calculated the value of 1.7 AO for r They commented that 
although this value is considerably lower than those found by Amis et al 
(107,121) 
and by Laidler C4.0 A*) for acetone-water mixtures, at least it 
has a value of the same order of magnitude. 
Furthermore, Tommila and Murto 
140 
applied the Laidler 
121 theory 
Z ýe 2 11 '2 
2 
-P'2 d In 1- 1A113A 11B M 
dCl/D -2 4 jý (2. -44) A+ 
ii, (jý- +* -r - 
TArBrM 
for the acid hydrolysis of EtOAc - Where in equation (2.44) "A is the charge 
of the ion, e is the electronic charge, r, r and r;: are the radii of the ABM 
ion, polar molecule and the activated complex respectively. and PA 11B VM* 
are the dipole moments of the reacting species, similarly. The authors 
assumed that the -radius and dipole ncm--n-t of the protonated ester are approx- 
imately the same as those for the ester. Further, they suggestod that 
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owing to the large value of T- of uZ /r 
3 
,,, 
(the protonated aster) the effect -AA 
is small. They used the values of 1.9 and 1.82 Debye unit for the water 
molecule (the dipolar molecule CB)) and the protonated ester Cthe positive 
ion CA)) and 1.30 and 2.40 A* for their radii.. In addition, they assumed 
that the term 11 
2 '/r3* is so small that it can be neglected. They determined wM 
the value of d log k/dCl/D) to be 35 and from this they found the value 
4.0 AO for the radius of the activated complex. This value is similar 
"ound by Laidler 121 for the acid hydrolysis of EtOAc in acetone- to that I'L 
water mixtures, and the value of xýkj: 
%- 4.6A* obtained in dioxane-11 20 mixtures. 
140 *2ý/ 3_twas v' Therefore, Tommila and Murto concluded that the term jiM rM ery 
small in aqueous DMSO mixtures in the region of a water concentration of 
less than 600 A per litre. 
In contrast to the plot of log k" versus l/D for the acid hydrolysis 
of EtOAc in DMSO-11 20 mixtures, the same plot for the reaction 
in acetone- 
water mixtures is a straight line in the region of pure water to a water 
concentration of about 800 ml/lit. Using the Laidler equation (equation C2.44)) 
it gives the value of r *-- 37 AO for the transition state. M-* 
According to the above treatment for the acid hydrolysis of EtOAc in 
DVISO-Ii 20 and acetone-H 20 mixtures, the linear part of the plot 
in DMSO-H2 0 
mixtures is in the region of low concentrationsoC water, whereas in acetone- 
H20 mixtures is in the region of high water concentrations. Tommila and 
Ylurto 140 point out that the above treatment takes account of the electro- 
static influence on the rate of reaction but does not include specific 
effects such as solvation. Also they suggest that because Ci) the DMSO 
molecule is pyramidal 
M 
and acetone is a planar molecule and Cii) the DMSO 
159 
molecule is more polar 3.9 DU) than acetone molecule C11 = 2.7 DU) 
and finally (iii) the DMSO molecule contains a lone electron pair on the 
sulphur atoni, whereas the acetone molecule has none, it is not surprising 
that the difference in the variation of the rate in the two series of media 
exists. 
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Referring back to the expected trends of the proposed electrostatic 
theories CFigure (46)) on the whole the experimental results of Harned and 
Ross 144 , Friedman and Elmore 
137 
, Kos'kikallio 
143 
and Tommila and co- 
workers 
(140-1) 
can be summarized as illustrated in Figure (55), which 
conflict with the theories. However, Tommila and his co-workers 
(140-1) 
found that if the bimolecular rate constant were divided by the molecular 
concentration of water, (k- =k 21[H 2033' the plots of k- against mole 
fraction 
of water Cxw)for the acid hydrolysis of EtOAc in both acetone and DVISO- 
water media have positive slopes (Figure (56)). Using the results of Harned 
144 
and Ross for the acid hydrolysis of MeOAc in aqueous-dioxane mixtures and 
again taking account of the molar concentrations of both H20 and HC1, the 
plot of k" against the mole fraction of water, is also of positive slope 
CF-igure (56)). Thus, taking into account the molar concentration of H20, 
the results for xH20<0.4 are now in agreement with the electrostatic 
theories and indicate that electrostatic effects outweigh specific effects, 
but at higher mole fractions of water, DIMSO appears anomalous. 
By comparing the energy of activation for the acid hydrolysis of EtOAc 
to that of the alkaline hydrolysis of the same ester, the energy of activation 
for the former reaction is about four to five kilocalories higher than that 
for the altter reaction. Tommila and ýfurtolO comment that in the alkaline 
hydrolysis the hydroxide ion attacks the carbonyl carbon, whereas in the 
acid hydrolysis it is the uncharged water molecule which attacks the 
carbonyl carbon. The repulsion in the case of the acid hydrolysis is greater 
than the repulsion in the alkaline hydrolysis and this brings about the 
greater activation energy in the former case than in-thh latter. 
In addition, in the acid-cataly. -ed hydrolysis of carboxylic esters 
the involvement of a fast proton transfer pre-equilibrium is now generally 
accepted: 
R COO R+ SH + R COO R Yl' +S C2.45) 
1.20 
1.00 
0.80 
k/kw 
0.60 
0.40 
0.20 
0 
x (water) 
Fig (55): Acid hydrolysis of EtOft in acetone-Ii 20 Cl) and DMSO-H 20 
(3) mixtures 
and acid hydrolysis of MP-OAý in dioxane-H 0 (2) nixtures. 2 
1.00 0.80 0.60 0.40 0.20 0 
7 
6 
k .1Af 
4 
3 
2 
x Cwater) 
-56): 
Acid hydrolysis of EtQAd in ace-Lone-11 20 (1) and DMSO-H 20 
(3) mixtures F -ig ( 
and acid hydrolysis of MeOAc in dioxane-Ii, O (2) mixtures. 
d. 
a 0.8 0.6 0.4 0.2 0 
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where SH+ is the solvated proton. The next step in the mechanism of the 
reaction is a slow stage i. e. the react. -Lon of the protonated ester with 
water: 
.., + 
kii 
I 
R COO RH+H20 -* R COO R+R OH +H C2.46) 
From equation C2.46) the rate of reaction becomes: 
Rate of Reaction = kII[RCOOR 
I li, ][11 2 0] 
C2.47) 
or Rate of Reaction = kIIKIRCOOR JH 
+] [11 - 0] (2.48) 2 
where K is the thermodynamic equilibrium constant of equation (2.45). Then 
the experimental rate ocnstant k2 is calculated from the equation: 
_ 
Rate of Reaction =k2 [RCOOR"][H 4] (2.49) 
hence kII-K = k" =k2 /[H 2 0] 
(2. SO) 
The absolute reaction rate theory combined with equations (2.48) and 
(2.50) give: 
Rate of Reaction =k/ [E][H 
+ ][H 0] 
YEyft+YH 0 (2.51) 
02 ye 
where k0 is the rate constant at very dilute solution (ideal situation), 
E is the ester, and Mt is the activated complex and the y's are activity 
coefficients. Thus k2 (the experimental rate ocnstant) can be given as: 
k=ký [11 0] 
YEYH4*YR20 
C2.521 202 YM+ 
k2yEyH +y H20 
or ký = THR 
2 0] -k0 YM --V 
C2.531 
Equation C2.50) indicates that the rate constant k follows any change 
in K. Equation (2.53) indicates that the increase in k/ as a function of 
the mole fraction of MISO in DMSO-H 20 mixtures is dependant upon the "Y" 
140 terms according to Tommila 
The ability of the solvent to donate protons to a Hammett base (ester) 
or to increase the concentration of the protonated ester, i. e. RCOOR'H 
+ 
does not seem to be the probable cause of the variation of k Ci. e. MIK) 
with solvent composition. To support this Tom. 1la et al 
140 draw one's 
attention to the fact'that firstly, the hydrochloric acid is completbly 
-97- 
ionized in DMSO and the basicity of DMSO is comparable to that of water 
159 
. and, secondly-, the hydrogen ion of HCl 
in DAMSO-H 20 mixture is more attracted 
-han to H0 
160 to DMISO t2 
ý' activation for the The changes in the enthalpies and entropies oll 
acid hyd rolysis of EtOAc in DIMSO-H 0 and acetone-H 0 mixtures have also been 22 
considered by Tommila and Murto 
140 
. They plotted the curves of AHx and 
TAS x as functions of the nole fraction of the solvents (Figure (57)) and 
compared with the same curves for the alk-aline hydrolysis of the ester in 
the media (in the previous section). 
The curves for the alkali-no hydrolysis pass through a minimum and then 
rise continuously, whereas in the acid hydrolysis the curves rise to a 
maximum at about O. S mol% water and then fall. The authors compared the 
acid hydrolysis plots with those for the solvolyses of ethyl bromide and 
benzyl chloride in acetone-11 0 mixtures and some similar reactions and reached 2 
the conclusion that they were similar in mechanism and this supported the 
idea that the slow stage in the mechanism of the acid hydrolysis was a 
bimolecular reaction between the protonated ester and a water molecule. 
However, they pointed out that in the acid-catalyzed hydrolysis the reaction 
takes place between a neutral molecule (water) and a charged molecule 
(protonated ester) whilst in the solvolysis -reactions the reactants are 
neutral molecules. 
They, however, explain that the changes in AO and ASx with the solvent 
composition or, in other words, the existance of the minima and the maxima 
are caused by the solva-%, -. ion of the reactants and of the transition state. 
In the transition state this solvation is of the form of an attraction for 
the hydrophilic part of the transition state by the water molecules, and for 
the alkyl or other parts, by the organic molecules of the aqueous organic 
mixtures. Also the changes can be related to the changes in the internal 
structure of the solvent when the composition of the solvent components are 
changed. 
25 AGX(l) 
x AG (2ý 
23 - 
21 
ITAS 
x( 2) 
AG x, Alx k cal 19 
17 
is 
77, 
ýý TASXCI) 
AH x (2) 
TASX 
k cal 
-10 
-12 
13 
1 0.6 0.2 0 
xw 
xxx Fig (57): Variation of AH AS and AG for acid hydrolysis of 
EtOAc in DNISO-H 20 (1) and in acetone-H 20 
(2) mixtures. 
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Texier, Guenzet and Merah 
150 investigated the acid hydrolysis of 
-ethyl acetate, isopropyl acetate and isopropyl fom ate in different 
concentrations of HCI and in mixtures of aqueous-orcajanic solvents i. e. 
acetone, dioxane, THF, DMFA and acetonitrile. Amopg these, the first-order 
rate of th e acid hydrolysis of E'tOAc in the aqueous organic n. ixtuxes of 
acetone, dioxane and TO at 45*C is considered. The results are listed in 
Table (24). In this Table the first-order velocity constant of the reaction 
is divided by x. H 0, the mole fraction of water. Thus k/ exp =k exp/'H 0. 22 
Table (24): Influence of Aqueous 
Hydrolysis of EtOAc at 45`ý 
anic Media on the Rate of Acid 
kýexp x 10 
5 (sec-11 
x 
mole fraction In Aqueous-Acetone . In Aqueous-Dioxane In Aqueous 
of the organ- -THF 
ic solvent . .............. 
[HC1] [HClj [HC11 [HC1], [HC11 
0.05M 0. lom 0.05M 0.10 m 0.10M 
0.0 2.8 5.3 2.8 5.3 5.3 
0.1 2.08 4.70 2.25 4.75 3.47 
0.2 1.70 4.17 1.9s 4.1 2.7S 
0.3 1.55 3.70 1.75 3.7 2.45 
0.4 1.60 3.5 1.80 3.75 2. SS 
0.5 1.9s 4.00 2.1 4. s 3.02 
0.6 2.55 5.30 2.8 5.9 4.00 
0.7 4.0 7.25 4.1 7.7 6.05 
The authors comment that firstly, the experimental values of the rate 
constants in any nedia fin pure water or in the aqueous-o-, ganic nixtuTe) are 
proportional to the concentration of the hydrochloric acid, mid secondly, 
the rate constants in the aqueous-organic Tredia, are dependant upon the 
nalture of the nixtures and the following equation 
= ko C, 
Y,, +YE- 
(2.54) kexp a,, 0 2 
can be used to confiTm the changes in the velocity constants upon the changes 
of activity coefficients, consequent. upon changes in the coyositim of the 
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organic solvents. In equation C2.45) CH+ 'represents the concentration of 
hydrogen ion. 
According to Table. (24) the values of the velocity constants all pass 
through a minimum between 0.4 <x organic < O. S. The authors believe that 
the Hammett acidity function (Ho) plays an important part in the entire 
ran, ge of the aqueous-orgenic mixtures. They make a reference to the C> 
161 
acidity function of HC1 CO. 1 N) in the mixtures of aqueous-dioxana 
involving a minimum in Ho against the role fraction of dioxane between 0.4 
and 0.5, and therefore comment that the variation of the acidity is rep- 
resented by equation 
S+H0 sif" + if 20 
where S shows the organic solvent. 
C2.55) 
At low concentration of the organic solvcnt, water shifts the equil- 
ibrimn to the left, and the hydronium ion is pre3ent in the me-ditm, in . 
other words, the water solvates the hydrogen ion at high concentration of 
water. By increasing the organic content, the equilibrium will be shifted 
to the right correspondingly, and at-a point where there is a competition 
between the water molecule and the organic molecule to solvate the hydrogen 
ion, the minimum occurs. Iliereafter, the Sli + is the predominant factor in 
the reaction and consequently the rate of the reaction will increase as the 
mole fraction of the organic solvent increases. 
Texier, Guenzet and Derdour 
149 in a more -recent work, proposed a 
different mechanism for the acid hydrolysis of the aliphatic esters as 
fo 11 Ours : 
OH 
R+ flý R- Cf +0 (2.561 
Cl) 0-R 
OH OR 
el SloK I+ C2. S7) R- C(D -1- 2 11 0R-C- ORI +H0 23 
0-R Off 
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OH 0 
R-C- OR R-C-0-H+R OH (2. S8) 
OH (3). 
Based on this mechanism Cstage C2), equation C2. S7)) the velocity 
constant values obey the equation 
k=kC,, ý a2 
YII+YE 
C2.59) 
exp 0 R2 0 Yg-r- 
ivhere equation (2.59) differs from equation C2.54) in having an extra 
a,, 0 term in it. The authors' main objective was to study the different 
factors which might affect the rate of the reaction in different aqueous- 
organic mixtures i. e. acetona-H 20 and dioxane-H 20 mixtures. In addition, 
they tried to correlate the velocity constant values and the Hammett acidity 
function, Ho, and the dielectric constatn, D, of the mixtures. 
They measured the values of k exp; the first-order rate constant of 
EtOAc at 4S*C and of isopropyl formate and isopropyl acetate at 48*C in 
different solvents mixtures of aqueous-organic solvents i. e. dioxane, THF, 
DMF, acetonitrile and acetone. Then they divided the values of k exp by 
x1i 0, the nole fraction of water, thus k"exp =k exp/xa 0 Ck exp in sac-'). 22 
Here again EtOAc is selected among the other esters to review their main 
points on the subject of the effect of solvent on the -rate of acid hydrolysis 
of aliphatic esters. 
At a first glance, the values of the -rate constants, k exp, in the 
aqueous-organic mixtures are dependant upon the mole fraction of the organic 
solvent Cx org), that is to say, k exp =f Cx org), and pass through a 
minimun. Also the rate of the reaction is proportional to the acid concen- 
tration. Table C25) shows the experimentdl values of the rate constant of 
the acid hydrolysis of EtOAc in aqueous organic solvents, i. e. dioxane and 
acetone. 
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Table (25): -The Influence of Aqueous Acetone'and Aaueous Diorane on the Acid fLydrolysis of EtOAc 
at 45 
k exp x 10 
5 [sec -1 
Mole fraction 
of organic 
solvent In aq-acetone In aq-dioxane 
Cx org) 
[RCl] 0.02M [11cl] 0.3m 
0.0 1.12 13.74 
0.1 0.87 12.2 
0.2 0.74 10.3 
0.3 0.67 10.3 
0.4 0.72 10.9 
O. S 0.78 12.4 
0.6 1.02 15.3 
0.7 1.38 
To discuss the variations of log k exp/ 
2. log k exp/ 
2 
and , ýI 
20 
ýI 
20 
log k""exp + Ho against the mole fraction of the organic solvent and the 
dielectric constant of the media, they set up Tables C26) and (27). 
Table (26): Variation of k'exp/a 
2 It 0, Ho and D as a fmiction of x (mole 
fraction of dioxane) for the acid rivdrolvsis of EtOAc IRCII = 0.1 M 
x dioxane H0 2 Ho D 10ýk 
exp log k exp_ lo k exp 2 
log k" 
2 
21T. 0 
2 
0 2H 0 
exp 
+H 2 2 2 0 
+ Ho 
0.0 1.00 -1-1.00 70 5.3 -4.276 -3.27 '17 -3. ý 1 
0.1 1.05 +1.54 40.25 4.82 -4.3ý -2.78 -2.78 
0.2 1.12 +2.08 25.0 3.9.3 -4.40 -2.32 -2.30 
0.3 1.23 +2.30 15.75 3.51 -4.45 -2.15 -2.13 
0.4 1.35 +2.38 9.5 3.45 -4.46 -2.08 -2.04 
0.5 1.55 +2.35 6.0 3.75 -4.42 -2.07 -&. 00 
0.6 1.82 +2.18 S. 25-3 4.4S -4.3S -2.27 -2.04 
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Tab 1c (If. '17): Variations of log k 
the acid hydrolysis Of EtOAc in 
ý5'uc (firicil = 0.1 M) 
+ Ho as a function D for 
ous-acetone mixtures at 
x acetone Ho D log k exp 
log k exp 
...... .... ..... . ... 
+ Ho 
0.0 1.00 70 -4.284 -3.28 
0.1 1.49 55.2S -4.33 -2.84 
0.2 1.905 48.25 -4.38 -2.47 
0.3 2.21 43. S -4.43 -2.22 
0.4 2.35 39. S -4.46 -2.10 
0.5 2.40 35.25 -4.40 -2.00 
0.6 2.32 - -4.27 -1.9.5 
Figures (S8), (59), C60) and (61) illustrate tke plots of k exp/ 
222 
against x org, log ke+ Ho against 1/D, log k exp/a aaainst ý'2 0 cw xp/ 1ý2 0 
Of 
H20 
D for dioxane-water mixtures, and log k exp + Ho against D for acetone- 
water mixtures. 
The authors' conclusion from these results is that 
a) The acid hydrolysis of the aliphatic esters is sensitive to the 
addition of organic solvents. 
b) 7he solvent effect is more marked at high H"ý concentration. 
C) The dielectric constant effect is more significant at x org < O. S. 
d) An empirical relationship of the type log k exp + Ho = aD + 
is characteristic of -the reaction in H2 0-acetone mixtures, whilst log k exp/ 
0+ Ho = aD +0 is the case in H2 O-dioxane mixtures. 
10 sk exp/a 
2H20 
6. 
S. 
4. 
3. 
0 0.2 0.4 0.6 0.8 
-x Dioxane 
Fig (58): Plot of k exp/a 
2 
11 20 against the mole fraction of dioxane 
for the acid 
hydrolysis f EtOAC at 4SOC. 
01 
"i .0 
log h-IM + Ho 
aH20 -2.0 
-3.0 
0 
s 
1/D 
IN Fig (59): Plot of log k exp/a'11 20 + Ho against l/D for the acid hydrolysis of 
EtOAc in aqueous-dioxane mixtures at 45*C. 
0.05 0.10 0.15 
0 
-1.0 
log k2 exp 
aH20-2.0 
+ Ho 
-3.0 
D 
0 . 70 40 60 
Fig (60): Plot of lcg k exp/a 
2H20+ Ho against D for the acid hydrolysis of 
EtOA*c in aqueous-dioxane mixtures at 45*C. 
0 
-1.0 
log k"exp + Ho 
-2.0 
-3.0 
-4.0 D 
I Fig (61): Plot of log k'fexp + Ho against D for the acid hydrolysis of EtOAc 
in aqueous-acetone mixtures at 45*C. 
40 so 60 
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2.3: Me Acid-CatalyzCd Inversion of'Sucrose 
2.3_. 
_li 
Introduction and Reaction Me-clianism 
AnotIner ion-molecule reaction to be nentioned in the context of the 
effect of solvent upon the rate Of reaction is the acid-catalyzed inversion 
of sucrose. Sucrose is the most conmon carbohydrate and itS structure is 
represented by the following scheme: 
H OH OH H CB) II 
110 c-c0c-c CH Oli 2 
Ho OR 
11 
H lio cccc 
IH 
.1c-0H0H 
CH 20" CH 2 OH I 
(2.60) 
C 12 11 22 0 11 
[Sucrose C(x-D-Glucopyranoside, B-D-fructofuranosyl)] 
To simplify formula (2.60) it can be written as Rý "R where R 
represents the first part and Re represents the second ethereal part. 
Acid hydrolysis of sucrose gives an equimolar mixture of glucose and 
fructose. In the inversion mechanism two positions of bond fission are 
possible, glucosyl-oxygen fission (formula (2.60) marked CB)) and fructosyl- 
oxygen fission Cformula (2.60) marked (A)). Although the position of bond 
fission has not been determined, Barnett and O'Connor 
162 
suggested that 
fructosyl-oxygen fission seemed most likely because this would lead to a 
tertiary carbonium ion whereas glucosyl-o)Wgen fission would Ilead to a 
secondary carbonium ion. 
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The acid hydrolysis mechanism of sucrose. can be written as6 
R- 
+ R, +H0RR+H0 32 
CHO CH 2 OR 
R-C- OR C=0 
HO -C-H HO -C-H I 
H-ý- OR H-C- OR 
I R OR Cglucose) H-C- OR (fructose) 
CH 20 CH 2 OR 
(2.61) ' 
Me mechanism of the reaction is regarded as the establishment of a rapid 
equilibrium between the sugar molecule and the hydrogen ion resulting in 
a complex 
3 
c 12 H 22 0 11 + llý - 
CCIY'22011' H)+ (2.62) 
followed by the reaction of the complex with a water molecule, which is 
the rate determining step, 
low CC12H22 0 11' H)+ +H 20 
s P. C 6H1206 + C6H1206 + 
(2.63) 
According to the above mechanism, the reaction involves a positive ion, the 
protorhated sucrose, and a dipolar molecule (the water molecule). 
In dilute solution, according to equation (2.63), the -rate of hydrogen 
ion catalyzed reaction is given by the equation 
Rate of Reaction =k2CRCs (2.64) 
where C 11 and CS are respectively the concentration of the 
hydrogen ion and 
of the su crose. Since the reaction is catalyzed by the hydrogen ion (H+), 
the C term remains constant during the course of the reaction and, therefore, 
the reactioa is of the first-order. 
Rate of Reaction =k1CS (2.65) 
where k2=kI /C 11 
(2.66) 
Scatchard 163 showad that the rate of reaction must be given by the 
equation 
Rate of Reaction = k-aý4w- a n1i c C2.67) wHS 
-los- 
where the a's represent activities of water and hydrogen ion and the n's 
are intcgers. Later on, it was shown that the values for nH and nw were 
respectively unity and 6 ýL- 1 
(3). This treatment indicated 4that -the acid 
inversion of sucrose can be regarded as a reaction. of the first ordar witla 
respect to sucrose and hydrogen ion and of the sixth order with respect to 
water. 
As far as the effect of temperature on the rate of reaction is concerned 
Molwyn-Hughes 3 points out that the simpld collision theory can not account 
for the rate of reaction, and experiment shows that the Arrhenius energy of 
activation decreases linearly with respect to the absolute temperature. 
Table (28) illustrates the values of the rate constants of hydro- 
chloric acid inversion of sucrose in aqueous solution by different methods 
at different temperatures. The values of the rates are consistant, except 
the calorimetric values at 250C 
164 
, which are on the low side. 
Table C29) also shows the values of the rate of reaction catalyzed 
by different acids in aqueous solution, determined polarimetrically165 at 
0C 24.7 Cconc of sucrose =0-0877 mol/lit). 
As it is seen from Tables C28) and (29) at constant temperature and 
acid conceTItration the rate of hydrolysis as measured by polarinietric, 
dilatometric and calorimetric techniques is first-order with respect to sucrose. 
The observed rate, as Moelwyn-ifughes 
3 
points out, increases with increasing 
hydrogen ion concentration, though not exactly in direct proportion, giving 
k2 Cequation CIG. 66)), which increases slightly with increasing the hydrogen 
ion concentration and the sucrose concentration. 
Hammett 168 , in moderately concentrated solutions of strong acids, 
found that the specific rate of reaction is proportional to ho i. e. to 
a H+ 
yB IBe (2.67d), where B and BH+ are the conjugate base and acid in 
equilibrium as B+ eýýBlq+... C2.68). In other words, the plot of log k 
against Ho (ýho H3. mmett acidity function 
168 ) is a straight line of unit 
slope. llamm. ett 
168 
suggested that this behaviour mia; ht be attributed to the 
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Table C28): HC1-llydrolysis of Sucrdse in'Aqueout Solutions 
Tenperature 
OC 
Sucrose 
concentration 
Mole/lit 
HC1 
concentration 
Mole/lit 
4 10 kj 
Imin- 
first-order Tate 
Method Referencel 
0.0 0.0584 0.5900 1.024 dilatometric (166) 
0.0 0.0584 1.049 2.450 11 (166) 
21.0 0.1462 0.1000 4.42 polarinetric (65) 
24.7 0.0877 0.05 3.57 to (165) 
24.7 0.0877 0.075 5.44 C165J 
24.7 0.0877 0.10 7.46 it 
24.7 0.0877 0.15 11.48 It 
24.7 0.0877 0.20 15.76 it 
25.0 0.0877 0.01976 1.48 C167) 
25.0 0.0877 0.03096 2.33 
25.0 0.0377 0.04803 3.66 
25.0 0.0877 0.06544 5.06 
25.0 0.0877 0.08279 6.45 
25.0 0.0877 0.10134 8.02 
25.0 0.1152 0.3959 16. S9 calorimetric C164) 
25.0 0.1082 0.5310 23.22 it It I 
2S. 0 0.0993 0.5458 23.96 It of 
1 
25.0 0.1240 0.5633 24.95 it It 
25.0 0.1215 0.8769 44.83 it ty 
25.0 0.1152 0.9059 46.87 it to 
31.0 0.1462 0.10 19.16 polarimetTic (65) 
41.0 0.1462 0.10 73. S 
Table (29): Ilie Rate Of SUCTOse Inversion in Dilute Aqueous 
r Acid; c Solution at-f-4. Týd- 
Mole/lit 
10 4 kl[min-1], first-order rate constant 
[Acid) 
HCI HNO 3 HC10 4 IIBr 
0.05 3.57 3.63 3.64 3.62 
0.075 5.44 - - - 
0.10 7.46 7.52 7. SS 7.6S 
0.15 11.48 11.63 11.97 - 
0.20 15.76 15.82 16.60 16.32 
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fact that the acid inversion of sucrose did not show a general acid cataly- 
-sis. He therefore took the rate-determining step in the sucrose hydrolysis, 
the first-order -reaction of the conjugate acid of sucrose SH 
4 and therefore 
obtained the following equation: 
Rate of Reaction =k 'I'J YS /y, t (2.69) 21SH 11' 
where is the activity coefficient of -the transition state. Since the 
169 following equilibrium exists in the solution, 
S+ 11 30 ýýSH+ + 11 20 
C72.70) 
The equilibrium constant can be written as 
Ka ý 
[Slý] a H20 y sliý (2.71) 
[S] [H 30+IysyH30+ 
hence 
's] "1 30+] 
YS. (H30+ 
Rate of Reaction k[S] =kK -y-; F--a,, C2.72) 2a0 m2 
consequently 
k=k2Ka all+ 
YS 
C2.73) 
ye 
Hammett, com aring equation (2.73) with the definition ho (equation 
lp 
(2.67)a), suggested that the condition for proportionality between k and ho, 
was 
YSYBff+/YýýYB = constant (2.74) 
and concluded that this was not unreasonable since it implied merely that 
the ratio of activity coefficient of the transition state Cyl- ) to that of m 
sucrose was affected by the medium in the same way as the ratio of y ETH + 
/YS 
1 162 . Aor any base. In 1971, Barnett and O'Connor using the polarimetric 
an , method, determined the first-order rate of inversion of sucrose ove 
extensive range (ca. 0.40 < [Acid] < 10 M) of acidities in hydrochloric, 
sulphuric, perchloric and phosporic acids. From the graph of log k against 
C-Ho) reacil-ed the conclusion that although the correlation coefficients 
were good, none of the Mies had unit slope but in addition the corrasponding 
plots of log k against lot., [11+] were curves. 
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2.3.2: Solvent Effects upon the Rate of Sucrose'Liversion 
As previously mentioned the acid inversion of sucrose is a reaction 
between a positive ion and a dipolar molecule. Therefor. 3 the expected trend 
of the effect of dielectric constant of aqueous-organic mixtures of the 
rate of reaction must be similar to that of acid hydrolysis of carboxylic 
I 
esters CSection 2.2.3, Figure C46)). Upon increasing the dielectric 
constant of the aqueous-organic mixtures the rate of reaction should decrease. 
The data on the influence of water-organic mixtures on the rates of 
sucrose inversion are scarce, especially in -recent years. But the review 
of the fol'. Lowin, - studies can throw some light on the behavicur of the reaction 
in various mixed solvents. 
BurrowS169 measured the first-order rate of inversion of sucrose, 
using the polariinctric method, in acricous alcohol imixtures at 250,30* and 
40*C. For the sake of comparison Burrows chose 7.5 and 10% sucrose and 
0.5 N HU and H2 so 4 at various temperatures. The published 
data for the 
velocities of inversion by N/2 HCl and by N/2 sulp1huric acid at 30% are 
listed in Table (30). In Table C310) the ratios of the -rate constant indicate 
a gradual change in the effect of the two acids, which Burrows 
169 
suggests 
is in accord with what one would expect from the association of the two 
acids in the mixtures. 
Table (30): The Inversion of 7.5% of Sucrose by'N/2 Acid in 
IVater--Alcohol Mixtures at 35wC - 
Alcohol 
volume% 
kx 10SCmin -1 
IfCl 
kx 10 5 Cmin-1) 
H so 4. 2 
Ratio 
0 414 
. 
218 1.90 
40 407 186 2.19 
40 376 168 2.24 
4S 361 162 2.23 
so 373 162 2.30 
60 407 171 2.38 
70 454 1992 2.37 
75 508 205 2.48 
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As Burrows 169 points out the velocity of inversion of sucrose by acids 
in water is proportional to the 11ý ion concentration in the solution, but 
for different concentrations of the same acid, the velocity is not strictly 
proportional to the acid concentration. In other words, the inversion is 
. more than twice as fast with NIS HC1, for instance, than with N/16. This 
is also the case in aqueous-alcohol solutions. In addition, the results 
illustrate that there is a minimum at about 50 vol% alcohol in the rate of 
the reaction, and because of this minimum Burrows concluded that the alcohol 
has other effects on the rate of reaction as well as the dissociation of 
the acid, especially at high alcohol content mixtures. He comments that in 
the aqueous-alcohol mixtures the Tate of reaction does not remain propor- 
tional to the concentration of the catalytic ion, but it is also a function 
169 of some other property of the solvent. Furthermore, Burrows suggests 
that the curve obtained by plotting the inversion rate constant against 
alcohol-concentration is a -resultant of two curves, one of these curves shows 
a decrease with increasing alcohol-concentrat -ion and this expresses both 
the effect of the medium on the degree of dissociation of the acid and on the 
mobility of the hydrogen ions. The other curve gives an increase in k which 
e: TTesses the effect of the composition of the solvent on the activity of 
the catalyst. This implies that the activity of the catalyst increases with 
increasing alcohol content; the acid is more active in alcohol than in 
aqueous solutions. 
Plank and Hunt 
170 
, aiming at the effect of mixed solvent upon-reaction 
rates in solution, and the correlation of the velocity of the reaction with 
the dielectric constant of the solvent mixture, measured polarimetrically 
the first-order rate of inversion of sucrose in dioxane-water nixtures 
ranging from 0 to 80 percentage dioxane at 25*C. The nornialities of 
hydrochloric acid used weTC 0.020,0.050 and 0.100. 
Plank and Hunt took the reaction of sucrose and water to form glucose 
and fructose, as an ion-mol--culb reaction. 
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The reaction was given by the authors as 
Sucrose +H30+- glucose ., - fructose +H+- C2.75) 
From equation (2.75), Plank and Hunt assumed'týe following equation for the 
rate of reaction: 
- dC/dt =k5e+ 1 EUcros 3 No 3 C2.76)ý 
and since the reaction was a catalyzed reaction, the unimolecular rates of 
reaction were measured from the equation: 
- dC/dt =k [sucrose] C2.771 
As mentioned above, the rates measurement were carried out with three 
different quantities of the hydrochloric acid catalyst i. e. 0.020 ' 0.05 and 
0.100 N. The reaction velocities did not vary in direct proportion to the 
weight of HU catalyst. As the authors put it, increasing the caacentTation 
of IM by a given ratio increased k by more than this ratio. 
For the influence of the dielectric constant of the mixtures on the 
rate of reaction, Plank and Hunt 
170 
employed the sunirarized form of the 
Harned and Samaras equation for ion-molecule reactions as follows: 
22 ln k/ko =eZ /2r -Cl/D - 
l/Doj C2.78). 
where k is the -reaction rate constant in the mixed solvent having a dielectric 
constant of D and ko is the 'reaction rate constant in water, the dielectric 
constant of which is Do, r is the -radius of the ion, e is the charge on 
the electron and finally Z is the valence of the ion. The data in Table (31) 
shows the effect of the dielectric constant of the solvent upon the -rate of 
inversion of sucroso catalyzed by MON HCl at 250C. Figure (62) illustrates 
5 the plot of log Ck x 10 ) against (j/D - l/Do). As Table (31) indicates, the 
Tate Of reaction increases with increasing dioxane content in the mixed 
solvent. 
2.4 
2.2 
2.0 
1.8 
51 log (k x 10 1 1.6 
1.4 
1.2 
1.0 
0.8 
Fig (62): Reaction rate and the dielectric constant of the solvent 
CHCI conc. 0.10) . 
0.00 0.02 0.04 0.06 0.08 
1/D - 1/Do 
-hI- 
Table (3l)-**Effddt of the Dieledttic'Conýtaftt of the 
Dioxane-Water Mixtures on the Rate of'Inversion of Sucrose 
Catalyzed by 0.10*N of'HC1 ii, ý25 ý- 
Dioxane kx15 
wt% 
D 1/D - 1/Do 
_Jmin-Tý 
Log Ck x 10 
............. .... .... . ... 
0 78.55 0.00000 35. S 1. SSO 
10 69.71 0.00161 38.1 l. S81 
20 60.81 0.00371' 40.8 1.611 
30 S1.53 'z 0.00M 43.8 1.641 
40 43.00 0.01053 47.8 1.679 
so 34.28 0.01644 SS. 2 1.742 
60 2S. 36 0.02S94 72.0 1.8S7 
70 117.70 0.04377 108.0 2.033 so 
. 
10.72 
.. 
0.08oss 
........ 
220.0 
... - .. 
2.342 
.... . 
The authors comment that there is good agreement between the foxm of 
the graph of Figure (62), using their experimental data and that expected 
from equation (2.78). Thus they plotted the values of log Ck/ko) for the 
different acid concentrations against CI/D - l/Do) and from the slope of 
the straight line they showed that the unimolecular constant followed the 
equation: 
log k/ko = 11.6 Cl/D - l/Dol (2.79) 
Finally, Plank and Hunt suggested that the rate of inversion s1lould be 
represented by the Bronsted equation 
151 
- dCA/dt = 
1ý CACBYAYB 
ye 
(2.80) 
F 
where A represents sucrose, B represents active hydrogen ion, and M refers 
to the activated complex. Then the experimental rate constant can be 
calculated from equation 
- dc A 
/dt = kC A C2.8 1) 
and consequently; 
k le, 
YAYB 
(2.82) 
YIJ 
Thus the authors concluded that it was not to be e. -, pected that the 
value of k would be actually constant in changing solution compositions, 
E-nd since their work sho-wed that tl-. c te-ým YAYB/Y. 11 was proportional to 
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Cl/D - l/Do), k could be quite accurately estinated for solvepts of widely 
varying dielectric constants by the use of equation (2.79). 
Anis and Holmes 
65 
, in order to study the. effect of solvent upon the 
rate of reaction, investigat-Ced the acid inversion of sucrose in aqueous- 
alcohol and in aqueous-dioxane mixtures. 7"hey ass=ned the following nechan- 
ism for the reaction: 
S+R. 30+ -,; == SH30'1. -)-- Invert sugars + lflý 
CZ. 83) 
According to equation C2.83), the reaction is a dipole-ion type and the 
electrostatic kinetics theories would predict an increase in the rate of 
reaction with decreasing the dielectric constant of the medium. Uie data in 
the case of aqueous-dioxane agree with the theory, that is, by increasing 
the dioxane concentration the rat of reaction increases. On the other hand, 
the results fo3ý water-alcohol solutions show the opposite effect. The rate 
of reaction in aqueous-alcohol media decrease with increasing the alcohol 
content. The explanation which the authors suggest is that alcohol forms 
+' the hydrogen ions, and thus reduce the the C2H5 OH 2 ion with some o,. 
concentration of one of the reactants, H30 The magnitude of this effect is 
such as to produce a trend in the opposite direction of the effect of 
dielectric constant of the solvent upon the rate of reaction. The above 
trends are shown in Figure ClS), in which log k is plotted against l/D for 
both mixed solvents at 31'and 410C. 
The data of Amis and Holmes 
65 for the acid inversion of sucrose in 
both aqueous-ethanol and aqueous-dioxa-ne mixtures have a similar trend to 
the data for the rate of reaction investigated by Rurrowsl69 in aqueous 
alcohol,. and also those of Plank and Hunt in dioxaneýwater mixtures. Therefore 
while the measurements of the -rate of reaction in aqueous-dioxane mixtures 
indicate an agreement with the prediction of the electrostatic theories, the 
values of the rate constant in aqueous alcohol mixtures show the opposite 
effect. In the latter mixed solvents, the conflict with the theories was 
described by Aiais and Holmes to 'be tha, formation of CH OH + ion But if the 252 
-113- 
mechanism of.: the reaction is 
C 12 H 22 0 11 + liý = 
Cc 12H22011' 113+ Cfast) C?. .8 4)- 
CC12 H 22 OllsH) 
++ if 20 -ý- Glucose + Fructose + If+ Cslow3 (2.85) 
the mechanism involves a molecule of water and this ran not be igriored in 
treating the rate of reaction in aqueous-organic mixtures. Therefore, 
according to equation C2.85) the rate of -reaction should become: 
Rate of Reaction kC H) + 
YCC 
12 H 22 0 ill Ii)4yII 20 21C 12H22011' ]IH 2 0] 
(2.86) 
Since the equilibrium constant CK) of equation (2.84) is 
K= 
ECC12 H 22 0 ill H) 
+ 
(2.87) Ic 12 H 22 01111H+j 
the rate of -reaction will be written as 
+ 
YC 
12 H 22 oil 
'(If+ 'YH 
20 Rate of Reaction =k2 KIC 12 H 22 0 113IH203 
EH 
13 
-YM. * - 
C2.8S) 
The experimental first-order rate is calculated by equation: 
Rate of Reaction =k [C 12 H 22 0 ill 
(2.89) 
Comparing equation (2.88) and (2.89) and taking k2 KIH+] as equal to k2' 
then k' Ck/[H 2 0]) is determined as 
k' = k/ [H 0] =kI 
YSYR+YH20 
22 yir C2.90) 
Equation C2.90) indicates that in any treatme-nt of the rate constant, 
the concimtration of water must be included. 
Bearing the above point in mind, the data of Burrows 
169 for tho rate of 
acid inversion of sucrose in wateer-ethanol mixtures at 250C, and those of 
170 
-eT mixtures at 250C Plank and Flunt for the same reaction in dioxane-wat 
have been divided by the concentration of water. The plots of log k 
(11 Ck/ tII 201) - 10 
S) 
against aw (pole fraction of water) indicate that they 
are now in line with the pridicted trend of the electrostatic t7heories. 
C637) am-1 C64) show the plots of log V against xj in aqueou---ýethanol 
-3.30 
-3.50 
-3.70 
log[k/C. 
20]x 
10 5- 3.90 
-4.10 
-4.30 
-4. SO 
Fig (63): Acid inversion of sucrose in aqueous-alcoliol 
mixtures at 25*C 
xw 
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Fig (64): Acid inversion of sucrose in aqueous-dioxane at 25*C 
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and in aqueous dioxane respectively, Figure (65) illustrates the above plots 
together. In addition, the conditions of the rate measurements in both 
"he concentration of HC1, which is 0.5 N experiments are the same, except t 
in alcohol-water mixed solvents, and 0.1 N in aqueous-dioxane mixtures. This 
factor, the catalytic effect of the e ion, has been eliminated graphically. 
2.4: Summary 
It appears from the foregoing discussion that the following factors 
need to be considered in the investigation of the solvent effect on ion- 
molecule reactions: 
(A) the participation of water in the reaction mechanism 
Cb) the prediction of the electrostatic theorie5 
Cc) the possibility that positive ion-molecule reactions and negative 
ion-molecule reactions may be affected in the same way and 
Cd) the necessity to direct more attention towards the activity 
coefficients of the participating species. 
Fig C65): Acid inversion of sucrose at 2SOC 
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CMPTER THREE 
CONDUCTOMETRIC RATE MEASUMMENT 
(EXPERIMENTAL) 
-I 16- 
3.1: Introduction 
171 
Rates of reaction involving ions can be determined by many methods 
One such method is to measure the conductIvity 
172 
of the reacting mixture as 
a function of time. The reactions for which this method is suitable are 
ion-ion and ion-molecule reactions and they all involve a changing of the ion 
concentration (s) and of the nature of the ion(s). 11-his nothod is based 
upon the assumption thatin dilute aqueous solutions, where the ionic 
conductances, Ai, are sensibly Constant, the conductivity can be regarded 
as a linear 
173 function of the concentrations of the several ions and there- 
fore of the extent of the reaction. However, although the Onsager equation, 
for moderately dilute solutions, may be used as an interpolation formula, 
the relation between the conductivity and ionic composition should be 
174 determinod empirically 
The conductomet-cic method has been employed 
C85,90,93,175) 
to obtain 
-id the rates of hydrolysis of acid anhydrides, the saponification of esters, a4 
similar reactims. 
Given a relatively large difference between the conductance of the 
initial solution of reacting species and the final conductance of the solution, 
and observing proper precautions 
172 
in measuring the rate of reaction, then 
reasonably precise determinations of reaction rates can be obtained by this 
method. 
Conductivity inea5urements can be made manually or automatically. Modern 
instruments can be used to follow the rates of reaction automatically. 
Hourever, the addition and mixing of the reacting species in a tube cell takes 
a finite time and therelfore for fast reactien Ct 1/29j the half-life of 
reaction less thana2 minutes) the measurement of the rate of the reaction 
is not as accurate. 
In order to measure the rate of fast reactions without using electrodes 
in the reacting solution, high frequency oscillator circuits 
176 
can be used. 
A cell filled with the roacting bixture is placed between the plates of a 
cmidenser. The changes Li, concentration of the ions in solution as the ions 
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appear or disappear produce corresponding changes in the solutim conduct- 
ivity and its dielectric constant, which then affact the characteristics of 
the oscillator. Since these characteristics are nonlinear functions of the 
composition of the solution, the calibration of the instrument with the 
help of solutions of known compositions is required. - 
3.2: The'Principle 177 of Application of Conductincelleasurement 
to the Rates*of Reaction 
Since the electrode system is of two platinized platinum electrodes, 
then additionally the reacting system should cause no preferential absoTbtion 
or catalytic decomposition at the electrodes. Basically the specific 
conductance of the solution, k, is measured against time in a cell with 
electrodes of fixed dimensions. Ilie specific conductance depends upon tha 
concentration of ions (Ci) and their mobilities (Xi). Xi can be related to. 
the concentration and specific conductance by I 
10 3 k/Ci (3.1) 
Thus in the -reacting mi-yture equation C3.1) can be written as 
k ci 3 
Xi C3.2) 
10 
Using the term K, for the cell constant, the electrical conductance of the 
solution is given by the equation 
Electrical Conductance = CZ'C 3 
3' %i)/K C3.3). 
10 
Equation (3.3) can be applied in order to describe the changes of the 
electrical conductance of the following reaction: 
A ZA + Be--,. C 
zc 
+ D" C3.4)- 
where A and C represent the ionic parts of the reaction and BO and Do the 
non-ionic species, and Z shows the number of charges on each im. 
At time t, the extent to which the reaction has progressed, x, may be- 
expressed in terms of the observed electrical conductance. IliaTefore, if 
the initial concentration of ionic reactant taken to be a, for equation C3.4) 
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at time t, it can b3 w-ritten that: 
Electrical Conductance 3 
X) 
- 
)LA)/K +' C! 3 AQ/K C3.5) 10 10 
a-XA " (ýA XQ (3.6) 
10 3K 10 3K 
Equation C3.6) indicates that as long as M and XC do not vary with concen- 
tration then the above equation is linear in x, and hence the electrical 
conductance of the solution is proportional to x. Also equation C3.6) shows 
that, given that, ýA -IXC, the plot of the electric conductance of a reaction 
solution against the x should be a straight line with negative slope. This 
was found to be the case for a simulated alkaline hydrolysis oý methyl 
acetate in water Cfigure C66)). The reaction was simulated by taking varying 
amounts of NaOH and NaOAc such that [NaOli] + [NaOAc] = constant and d--teimining 
the conductance of such solution. CFigure (66) sh(xirs the linearity of the 
conductance against mole percentages of the -reaction in NaOH + NaOAC 
solutions of concentrations of 0.01,0.05,0.10 and 0.20 M). 
It is worth mentioning that the CXA - XQ term in aqueous-organic 
mixtures decreases with increasing the organic concentration. Therefore, 
at very high concentrated solution of aqueous-organic solution an alfern- 
ative method must be used. 
According to equation C3.6) if the linearity persists throughout the 
concentration range, the extent of reaction at any time is given by the 
following expres. 3ion: 
c 
0 
c0 (3.7) 
where C0 is the electrical conductance of the initial reaction solution 
Ct = 0), Ct the conductance at time t, and C. 0 
is the conductance at the 
conclusion of the reaction at time -. Equation CM) elucidates -the 
principle used for these reactions, in which the conductivity change depends 
upon the -replacement of an ion by another whose mobility is greatly different. 
Fig (66) -. The electrical conductance of the mixtures of NaOH and N, -. Oke in 
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3.3: 7he Rate of Alkaline Hydrolysis of'Methyl'Acetate (MeOAc) 
in Water andin Aqueous-Organic Mixtures 
(Experiment) 
3.3.1: Introduction 
The mechanism of the alkaline hydrolysis of-methyl acetate has been 
81 established to be a second-order reaction . The reaction is therefore 
considered to be 
0 
11 
CH 
3-C-0 CH 3+ Na + OH -> CH 3 COO + Na + CH 3 OH 
(3.8) 
As equation C3.8) indicates the Ofl- ions are progressively -replaced 
by CH 3 COO- ions. Since the CH3COO- ions have a lower electrical mobility 
Cabout one-fifth of that of OH_; the equivalent conductance of the OR- anion 
XOOH- = 198.6 and of the CH3COO- anion XoCH3COO- 40.9 at infinite dilution. 
178 
at 25*C ) the conductivity falls during the course of the reaction. 
Therefore the reaction, on this basis, can be followed by measurements of 
the electrical conductivity. 
In view of the total c1limige in the electrical conductance of the 
reaction, the alkaline hydrolysis of methyl acetate was studied conductomet- 
rically in aqueous-organic mixtures Cx org 4 0.2) of DNISO, dioxane, methyl 
ethyl ketone, and diglyme at 150,256 and 35*C. 
3.3.2: MateTials 
3.3.2.1: Water 
Throughout the experbnents deionized water was used. This water was 
collected from an Elgastat (portable Daionizer) type B. 102, on the day of 
use - Its conductmice. was greater than 6M cm (the specific conductivity of 
less than 10-6 Q-1 cm- 
1 ). 
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3.3.2.2: MetIlyl-Acetate 
Methyl acetate (made by May and Baker Ltd., Dagenham, England) 
179 containing not less than 97% ester was purified by the following method 
One litre of it was refluxed for 6 hours with 85 ml of acetic anhydride 
and then distilled through an 80 cm fractionating column: the liquid 
passing over at 56-57% was collected. 71he distillate was shaken with 20 g 
of anhydrous potassium carbonate for 10 minutes, filtered and redistilled. 
This pure solution was used to prepare a solution of 1.25 M methyl acetate. 
This solution was freshly made up for each run, because the volatility of 
methyl acetate changes the concentration of the solution with time. Also 
the exact concentration of the solution was determined by completely 
hydrolysing a known quantity in a measured excess of sodium hydroxide and 
back-titrating the excess with standard acid. 
3.3.2.3: Sodium adroxide Solution 
I 
Analar sodium hydroxide CB. D. R. Chemical Ltd. ) was dissolved in carbon 
dioxide free conductivity water. Me concent-ration, of 0.10 M was checked 
4 
by the usual titrattion method using a 0.1 N standard hydrochloride acid 
solution. This solution was used as a stock solution and diluted to 0.01 M 
by the conductivity water. In the case of the reaction in aqueous-oTganic 
mixtures, the above alkalis concentration was made up using the aqueous- 
organic solution instead of water. 
3.3.2.4: DMSO (Dimethyl Sulphoxide) 
D%MSO CB. D. 11. Chemical Ltd. ) was purified by recrystallization. 7he 
freezing point of DMSO after several crystallizations' was 18.30C. 7he re- 
crystallized DMSO was stored over a molecular sieve type 4A (B. D. H. ). 
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3.3.2.5: p-Dioxane 
- 179 
p-Dioxane (yay and Baker Ltd., Laboratory Chemicals) was boiled 
under Teflux for 7 hours with 10% of its volume of 1N hydrochloric acid. 
A slow stream of nitrogen was bubbled through the solution to -remove the 
acetaldehyde formed. To remove water, the distilled dioxane was treated 
with potassium hydroxide, and the aqueous layer removed. Then it was allowed 
to stýnd over pellets of potassium hydroxide for at least twelve hours and 
dried over sodium for at least six hours. It was then distilled from the 
sodium. 
3.3.2.6: MEK (Methyl Ethyl Ketone, 2-Butanone) 
M. ethyl ethyl ketone (May and Baker Ltd. ) was purified by fractional 
distillation and the portion boiling at 80.1% was collected after the second 
distillation. 
3.3.2.7: Diglyme (Dimethyldigol, diethylene glycol dimethyl ether, Ethane 
. 
1,11 - oxybis (2-methoxy ) 
Diglyme (B. D. H. ) was refluxed over metallic sodium and distilled from 0L 
the sodium in an atmosphere of nitrogen gas immedialtely before use. Vie 
diglyme had a boiling point of 1610C. 
3.3.2.8: Preparation of Solutions 
The aqueous-organic mixtures of DMSO, dioxane, MEK and diglyme were 
prepared volumetrically. For a mole fraction of x org. of the water-miscible 
solvent, the required volumes of water and the organic were calculated 
using their densities. These volumes of the solutions then added together, 
and the mixtures were kept at appropriate constant temperature. To calculate 
the above volumes the following equation was employed: 
d vi/Mi, 
F, Td C3.9) a2%.. 
2/M2 
-122- 1 
where x1 represents the mole fraction of the organic solvent,. dl., v1 and M1 
are respectively density, volume and molecular weight of the organic solvent. 
The other terms similarly represent density, volume and molecular weight of 
water. All the solutions were r. ade up freshly on the day of use. 
To make up the solution of 1.25 M methyl acetate in the aqueous- 
organic mixtures, the required volume of pure methyl acetate was poured into 
a volumetric flask and was diluted to the mark with the aqueous-organic 
mixtures. 
I 
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3.3.3: AppaTatus 
3.3.3.1: Conductivity Bridge 
7he Wayne Kerr 180 C111ayne Kerr Company Ltd. ) autobalance universal 
bridge B 641 was used for the continuous measurement of conductance during 
the course of the reaction. The instrument was designed to be used for 
audio frequency measurement of admittance or impedmce with an accuracy of 
0.1%. It is self-contained and simple to operate; it can be connected to a 
recorder to obtain a continuous recorder trace of either conductance or 
capacitance. 
7he bridge could be operated from both AC and DC supplies (it was 
shown that operating the instrument from a DC battery source, the -recording to 
trace during a run was more stable and would result in a smooth and contin- 
uous curve, therefore a9 volt battery supply was used. In this case, the 
digital indicator tubes on the instrument were not able to be used and the 
first two significant figures of the conductance value were taken from the 
decade buttons). Voltage outputs (100 mv variable at full scale deflection) 
proportional to the G Cconductance) meter readings were provided on the 
bridge. The bridge was trimmed and calibrated according to the instructions 
180 
manual before each run. 
3.3.3.2: Conductivity Cell 
The conductivity cells used in the studies of the velocity constants 
of the -reaction were of C. I. CO. (Cambridge Instrivient Company) type with 
platinized electrodes (Figure C67)). 
Two cells of this kind were used. One with a cell constant of value 
0.1 Q- 1 cm- 
1 
and the other of value 0.36 Q-1cm-1. The latter was mostly used 
throughout the conductometric rate measurement, except in those cases such 
as, at high organic concentration Cx org. rJO. 20) where the absolute values 
for the conductance of the medium was small or at 150C where the changes in 
Fig C67): The Conductivity Cell and The Magnetic Stirrer. 
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conductance during the reaction was also small. However, both of the cells 
were used in each run to nake sure that the results are reproducible. 
3.3.3.3: Recorder 
To trace the continuous change of the conductance, the Heath multi- 
speed chart drive servo-recorder, mmodel EUA-20-26 was used. 7he recorder had 
twenty-one accurate chart speeds which could be selected according to the 
required time-scale. Special attention was. paid for calibrating the recorder, 
in order to get a smooth recording trace. The calibration was carried out 
before us ing the recorder in each run. 
3.3.3.4: Thermostatted Water'Bath 
Since the conductivity of solutions rises by about 2% per degree, the 
temperature therefore must ba controlled to within 0.05-0.010C, if an 
accuracy of 0.1% is to be obtained on measuring the conductivity. 7hus it 
was essential to immerse the cell in an efficient thermostat bath. The 
thermostat water bath used in the investigation was a multi-jacketed water 
bath equipped with-an on-off relay system. Comparison with the standard 
thermometer showed the system was capable of maintaining the required 
temperatures to ± 0.0" 20C. Furthermore, the thermostat consisted of a perspex 
bath Ccapacity about 100 litres) insulated by a 311 layer of expanded 
polystyrene and encased in a wooden be. -. Water was circulated in the bath 
using a plastic tube and a D. A. G. submersible pimp fixed to the bath. The 
water circulatien ensured the motion of water close to the walls and increased 
the reproducibility of the water flow pattern. The stability of the bath 
temperature was determined by a 1*C Beckmann thermometer. 7he bath 
temperatures used were 150,250 and 35*C. At 1S*C a water cooler (made by 
Grant Instruments, Cambridgel was used because 150C was below room temperature. 
-125- 
3.3.3. S: Submersible Magnetic Stirrer 
One of the requirements necessary to obtain a well-formed recorder 
trace was rapid stirring. Thus an efficient and rapid magnetic stirring 
system was employed. Mis apparatus involved two parts: one a submersible 
magnetic stirrer. which could be fixcý on the water bath and make to operate 
a sn. all magnetic stirrer inside a flat-botrom cell-tub-- containing the 
solution, and the other, a control box. The apparatus ensured the constant and 
well-stirred solution. This instrument was made by Rank Brothers (Bottishan, 
Cambridge, England). Figure C67) shows the arrangemant of the conductivity 
cell and the magnetic stirrer. 
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3.3.4: Procedure 
Prior to performing the experiment, all solutions and equipments were 
allowed to -reach temperature equilibrium. The conductivity bridge was turned 
on at least 30 minutes before us-- to reduce the chance of drift during the 
experiment. The conductivity bridge and recorder were calibrated. The 
room temperature was also kept constant by using an air-conditioner within 
10C. The -recorder chart speed was set to one inch per 60 seconds. 
Exactly 60 ml of 0.01 M sodium hydroxide solution (in case of the 
reaction in aqueous-MEK solution at 35*C the concentration had to be reduced 
to the initial ocncentration of 0.0040 mole/lit in 5 mole% of MEK and 
0.0032 in 6 mole% of MEK, this was due to phase separation) was pipetted into 
the tube-cell. The tube-cell was closed by dipping the cell inside the 
sodium hydroxide solution. It was then connected to the conductivity bridge 
and placed in the thermostat bath. The magnetic stirrer was switched on at 
constant speed, which was kept constant throughout the run. The system was 
allowed to reach equilibrium as -indicated by a constant reading of conduc- 
tance on the bridge. Once equilibrium was reached, this conductance of the 
alkaline solution was read off. Then 0.48 ml of 1.25 M methyl acetate was 
added, fr om a calibrated 1 ml pipet, to the solution while stirring. The 
-recorder, which had been started a few minutes before the addition of the 
methyl acetate solution produced a trace similar to that shown in Figure C68). 
To obtain the exact starting point of the reaction, at half-addition of 
the methyl acetate solution an electric timer was switched. on (it showed the 
time up to a tenth of a socond), and at the end of the run from the recorder 
and the timer, the exact ZM-ro point could be determined. 
The time taken to add 0.48 ml of 1.25 M r. ethyl acetate Into the tube- 
cell was checked to be 8 seconds. Thus it was a Tapid and TepToducible 
method of nethyl acetate addition and the starting point for the reaction 
(At half-addition time) was 4 seconds. 
A typical recording tTs-ce'fOT the reaction in 20 mole% of aqueous- 
DMSO mixtures at 25"C is shown in Figure C68). 
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Fig (68): Recording Trace of the Alkaline Hydrolysis of MeOA-ý in 
20 mole% of Aqueous-DIMSO Solution at 25*C. 
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3.3.5: Calculation 
3.3.5.1: Calculation of the Ratd Constant 
The second-order rate equation for the reaction with two reactants of 
equal concentrat -ion, a, is: 
a (a - 
(3.10) 
where k is the rate constant, t represents the tine, a initial concentration, 
and x shows the amount of reaction that has proceeded. 
Equation (3.10) can be written as. 
x 
-z- +a Ka %. 
C3.11) 
The values of x, the extent of reaction in equation C3.11) cm be 
deduced frcm the experimental conductances. If C0 taken as initial conduct- 
ance of the reacting solution, after time t Csec) it decreases to Ct. 
Therefore, the amount of reaction after time t, namelyx, is proportional to 
cco -ct). Substituting in the above equation (Equation C3.11)), it is found 
that: 
1c0-ct cill -C)=- iZa- -t+a 
A plot of CC -C) against CC -c traight line 0tC. 0 t) 
/t should give as 
of slope If the gradient is taken as - G: ka* 
G ka 
and k CG a) C3.13) 
A typical calculation for the alkaline hydrolysis of methyl acetate 
in 20 mole% DMSO in an aqueous-DMSO medium at 250C has been shown in Table C32). 
Ilie value of a is 0.0099 mol/lit. Also the plot of CC 0-Ct against 
(CO -Ct )It for the above reaction is shoim in ViLmre C69). 
Furthermore, the total amount of reaction possible is proportional to 
the total change of conductance, that is, a. is proportional tO CC 0 
Fig (69): The Plot of x vs x/t for the Reaction in 20% Aqueous- 
DMSO Mixture at 25*C. 
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where C indicates the reacting solution conductance at time C-). The value CO 0 
of x/Ca - x) in equation (3.10) therefore can be substituted as: 
19c0ct 
ta Ct cco 
(3.14) 
A graph of (Co - Ct)/(Ct - Cj'against t should also give a straight 
line of gradient(a. k)!. e. akG and thus: 
k=G. a- 
1 (3.15) 
Me above treatment was carried out for the above reaction and the 
results are in Table (52) and Figure (70) shows the corresponding graph. 
Table (32): 'Alkaline Hydrolysis of 
Aqueous-DMSO Mixture at 25"'C. 
ýl Acetate in 20 mole per cent of 
Time/sec Conductance 10 mv ) 
X-10 
3 
or 3 (C C ). 10 
0- t 
x 610 
5 
F 
Or 5 C /t. 10 (C 0- t) 
(a-x) - 10 
3 
Or 3 (C 10 
t-C. ) 
x 10 
2 
3--x 
or 2 (C CJ(C - C. ). 10 0- f. t . 
I 
0 0.620 0 - 302 
- 
0 
53 O. S77 43 81 259 17 
89 0.0"55 65 73 237 27 
136 0.531 89 6S 213 42 
173 0.516 104 60 198 S3 
210 0.502 118 56 184 64 
270 0.484 136 so 166 82 
317 0.472 148 47 154 96 
377 0.459 161 43 141 114 
460 0.444 176 38 126 140 
533 0.433 187 35 115 163 
617 0.423 197 32 105 iss 
734 0.411 209 28 93 225 
857 0.403. 219 26 83 264 
00 0.318 302 0 0 0* 
k (cell constant) = 
0.1 SI- 
I 
cm- 
220 
200 
180 
160 
140 
) vs t (Sec) 
n 2010 Aqueous- 
11C. 
niol- 
1 
sec- 
1 
10 
x 
120 
100 
80 
60 
40 
20 
Time/Scc 
0 200 400 600 800 1000 
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3.3.5.2: Determination of C and 
Tha initial conductance, the conductance of the TCacting solution at 
the beginning of the reaction was worked out as follows: 
The conductance of 60 mi of 0.01 M alkalis (C'O) was measured before 
adding the 0.48 ml of 1.25 M methyl acetate. C lp 0 was 
found to be affected 
slightly by the addition of 0.48 ml of inethyl acetate. In order to obtain the 
exact value of Co two methods were used. (a), the curve of experimental 
conductance against time was extrapolated to t=0. At this point the value 
than 
of conductance CCO) was determined to be slightly less Co, (b), to make 
sure of the above extrapolating method, the conductance of 60 ml of 0.01 M 
sodium chloride solution was measured (Cr ). This was then mixed up with 
0.48 ml of 1.25 Nl*in the sar. e solvent and its conductance again was measured 
(Clo). Ilie percentage decrease in conductance of sodiu: n chloride solution on 
AC , 
CIO C10 
dilution, that is, 7-: 5 o, was taken as the percentage decreaso of 
CP CIO 
conductance of the lakali. This resulted in a similar value of C0 to those 
obtained from the extrspolation. The decrease proved to be not more than 
0.9% in all solutions. However, since the dilution effect was very small, 
it did not make imich difference Cto the value of the gradients obtained; 
equations (3.12) and C3.14)). 
COD, the conductance value of the reaction at infinite time was obtained 
from the conductance measurement of the reaction solution after at least 24 
hours. Ext -rapolation of the conductances to infinite time proved the 
reproducibility of the experimental values. 
3.3.5.3: Determination of E and A 
To work out the values of E, the activation energy, and A, the frequency 
factor, the ArThe-nius equation was used. This equation can be written as 
A exp C3.16) 
where k is rate constant of reaction, A frequency factor, EA energy of activ- 
ation, R the gas constant (1.937 K cal/mol deg) and T the absolute temperature. 
* MeCAC 
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Taking logarithm from equation (3.16): 
E 
log k= log AA1 (3.17) CP 2.303 RT 
According to equation (3.17) the plot of log k against 11T should be a 
straight line with a negative gradient and a positive intercept. 
From the experimental values of k at 15,25 and 350C the above plot for 
the reaction could be drawn and gave the gradient G and intercept 1. 
From these values E and A were calculated as follows: 
E 
GA 
Since R=1.987K cal/mol deg 
EA"2.303 x 1.987 aG 
EA = 4.5-10 G 
and I= logio A 
(EA in k cal/mole) (3.18) 
(3.19) 
and hence A= antiloa I 010 
3.3.5.4: Dete-rmination of AS 
(3.20) 
I 
To detennine the entropy of activation from the calculated values of A 
(the frequency factor), -the following treatment to derive the expression is 
followed. 
7he theory 
2 
of absolute reaction rates gives the rate of reaction as: 
kT 
li-- (3.21) 
Vaerc k is the rate constant, 
Jis 
the equilibrium constant between the 
reactants and the activated complex, 'k is the Boltzman constant, h the 
Plank constant, and T the absolute temperature. The constant K may be 
expressed in term, s of the standard free energy of the process by 
means of the equation: 
- AG = RT In K (3.22) 
If the value of K* by equation (3.22) is introduced into equation C3,21) 
it follows that: 
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k IT - Aýj li- e KT- (2.23) 
. &. 
0- A- -L Further, if AG is replaced by its equivalent Alf TAS-*O- the 
result is: 
-kT - AH 
a/ RT /R kee (3.24) 
where and LS are the standard heat and entropy changes, respectively, 
*9- 
accompanying the activation process. The -11werm AH differs by a small amount 
only from the experimental activation energy of the reaction. 
In practice, it is necessary to write equation (3.24) containing the 
experimental activaticn energy in pla ne specific reaction rate aof AH . 'IJ 
(k) is generally expressed for reaction in the liquid phase in terms of 
concentration. Therefore equation (3.21) may be written in the logarithmic 0 
forin: 
In k= In 
th 
+ In T+ In Kc (3.25) 
and differentiation with respect to temperature gives: 
A: 
.1 E exp d In_k 
=1+d 
In Kc 
26) 
RT 2=dT7dT 
C3. 
4: 
Hence =1+ 
AE 
-I 
C3.27) T RT 2 
and E exp = RT + AEt C3.28) 
Since AE = All PAV C3.29) 
E exp = RT + Ali - PAV C3.30) 
where P is pressure of the system and AV represents the accompanying increase 
of volume. 
For reaction in solution 61ý is virtually zeroj it follows that: 
4-- 
E exp = RT +M C3.31) 
Substituting the value of Ali from equation C. 3.31) into eq-jation C3.24)-, it 
gives: 
k= IT . -CE exp - 
RT)/RT 
e 
AS"'ý'/R 
h- 
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-E e x-p 
IT RT AS IR 
and k=e h- ee (3.33) 
According to equation (3.33) the AS term is seen to be related as follows 
to the value of the pre-exponential term, of the Arrhenius equaticn-: 
ZI: 0. AS -R ln [A/Ck Te/hI C3.34) 
Equation (3.34) was used to calculate the values of entropy of activation 
at 25"C. The term log 10 *kTe was calculated to be equal to 13.23. Ilius h 
equation C3.34) can be written as: 
4.576 (log A- 13.23) C3.35) 
Iherefore having the values of log A, AS*O-can be calculated in K cal mol- 
1 deg- 
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3.3.6: The Results Accuracy 
'Ihe rate measurements ivere na-de at least in triplicate for the ester 
for each coi., iposition of each solvent system. 7he values of k were obtained 
from both the plot of x against x/t, Ckl) and the plot of x/Ca - x) against t, 
Ck 2). These results, k, and k 2' in each solvent system were consistent. The 
percentage difference from the mean values of k1 and k2 at 15 0C was less 
than 4% , at 25 
0C less than 2% and at 3SO less than 1%. The trend of decreasing 
deviation as the temperature increases can be due to the fact that as the 
temperature increases the absolute values for conductance increase and the 
difference in conductance of reactants and Products increases x1d. therefore 
discrimination increases. On the whole, taking all the values of k measured 
in a solvent system, the average deviation from the mean values of k. was 
less than 2.7%. Table (33) indicates the consistency of the results. 
Further, the values of E and logjOA were obtained graphically using 
the jkrrhenius equation. The percentage deviation for E and log 10 A were 
foimd to be respectively less than 0.9% and 0.95%. Also the accuracy of the 
values of 
J&, 
which were calculated from equation C3.35) was determined to 
be less than 1.2% 
Therefore the conductometric method can be a reproducible and reliable 
me-thod having an accuracy of more than 3% for the rates measured conducto- 
metrically with a half-life of greater than 2 minutes. 
All the experimental values of conductances in each run in the various 
aqueous-organic mixtures along with the values of E, log A and are showrn 
in the next chapter. 
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Table (33): The Alkaline Hgdrolysis olfMathyl Acetate in kqueous -Organic 
-Solutions at 15,25 and 35 C. 
k/lit mol-' See 
Mole fraction 
of org. is 0C 25 0C 3S 0C 
k, 2: a* 
±a 
. leo k 
±a 
. 100 k 
la 
. loo MISO k is 25 k 25 35 k 35 
0.00 0. 097±0 . 0010 1.0 0. 198±0 . 002S 1.3 0. 374±0.0013 0.4 0.05 0. 117±0 . 0023 2.0 0. 235±0 . 0020 0.9 0. 436±0.0018 0.4 0.10 0. 134±0 . 0003 0.2 M S7±0 . 0013 O. S 0. 492±0.003S 0.7 0.1s 0. 146±0 . 0025 1.7 O. 291±0 . 0028 1.0 0. 53S±0.003S 0.7 0.20 0. 155±0 . 0028 1.8 O. ---09±0 . 0023 0.7 0. 582±0.0040 0.7 
Dioxane 
x 
0.0125 0.381 0.0018 0.5 
0.025 0. 103±0 . 0027 2.6 O. "02±0 I . 0018 0.9 0. 369±0.0020 0.5 0.05 0. 103±0 . 0014 1.4 0. 193±0 . 0002 0.1 0. 352±0.0025 0.7 0.10 0. 097±0 . 0013 1.3 0. 183±0 . 0014 0.8 0. 336±0.0019 0.6 0.15 0. 092±0 . 0018 2.0 0. 174±0 . 0018 1.0 0. 324±0.0013 0.4 0.20 0. 087±0 . 0022 2.5 0. 166±0 . 0023 1.4 0. 315±0.0008 0.3 
Digly-me 
0.025 0.116±0.0007 0.6 0.214±0 . 0010 0.5 0.396±0 . 0010 0.3 O. Oso 0.120±0.001S 1.3 0.222±0 . 0024 1.1 0.415±0 . 0020 0.5 0.075 0.106±0.0010 0.9 0.216±0 . 0008 0.4 0.410±0 . 0030 0.7 0.100 0.166±0 . 0017 1.0 0.390±0 . 0024 0.6 
x 
MEK 
0.025 0.097±0.0016 1.7 0.189±0.0012 0.6 0.364±0.0023 0.5 
0.050 0.095±0.0013 1.4 0.177±0.0003 0.2 0.345±0.0017 0.5 
0.060 0.084±0.0016 1.9 0.163±0.0017 . 1.0 0.327±0.0015 0.5 
a the akrcrage deviation JCX - 
where R is arithmetic mcan 
23 71 x 
nn 
and (n) is the ntm. ber of experiments. 
E±0.100 (+-0.9-1, ) 
loý A±0.070 0.95%) 
AS ± 0.320 1.2) 
CHAPTER FOUR 
RESULTS 
Section (1): Rate constant for alkaline hydrolysis of methyl acetate in water 
Section C2): Rate constant for alkaline hydrolysis of methyl acetate in 
aqueous-DMSO mixtures. 
Section C3): Rate constant for alkaline hydrolysis of methyl acetate in 
aqpeous-dioxane mixti=es. 
Section C4): Rate constant for alkaline hydrolysis of methyl acetate in 
aqueous-methy ethyl ketone mixtures. 
Section (5): Rate constant for alkaline hydrolysis of methyl acetate in 
aqueous-diglyme mixtures. 
Section (6): Summary of the results of the rate measurements. 
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4.1: Alkaline hydrdlysis of Mothyl Acetate in Water 
The values of electrical conductance variation with time of the reaction 
between 60 ml of 0.01 M sodiura hydroxide and 0.48 ml of 1.25 M methyl acetate 
in water at IS 0 C, 25 0C and 350C are given in Tables (34)-(36). Table (37) 
shows the velocity constant of reaction at different temperatures. Graphs 
of x versus %It and xia--, )versus t are shown in Figures C71) and C72) 
respectively. 
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Table (34): Reaction in*Vater At'15 0 C. 
Time/SEC Conductance (10 -mv) 
3 
X-10 x5 T '10 
3 (a-x). 10 x2 i--x . 10 
0 0.555 0 - 364 0 
48 0.535 20 42 344 6 
84 0.523 32 38 332 10 
120 0.513 42 35 322 13 
156 0.504' 51 33 313 16 
192 0.494 61 32 303 20 
240 0.483 72 30 292 25 
288 0.473 82 29 282 29 
336 0.463 92 27 272 34 
384 0.454 101 26 263 38 
444 0.443 112 25 252 44 
S04 0.434 121 24 242 so 
564 0.424 131 23 233 S6 
636 0.414 141 22 223 63 
732 0.402 15 3) 21 211 73 
804 0.394 161 20 203 . 79 
912 0.383 172 19 192 90 
1032 0.372 183 18 181 101 
1152 0.362 193 17 171 113 
1308 0.351 4-04 16 160 128 
Go 0.191 364 0 0 00 
K (cell conýtant) = 0.36'Q-1 cm- 
1 
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0 Table (35): Reaction in Water at 25 C. 
Tima/SEC Conductance (10 m"» 
3 
x --10 x-5 i lo 
3 (a-x) - 10 
3 
a-x -lo 
0 0.636 0 - 410 0 55 0.595 41 75 369 111 
83 0.577 59 71 351 168 
131 0.552 84 64 326 258 
191 0.525 111 58 299 371 
252 0.502 134- 53 276- 486 
311 0.483 153 49 257 595 
382 0.463 173 45 237 730 
466 0.443 193 41 217 889 
589 0.419 217 37 193 1124 
695 0.402 234 34 176 1330 
839 0.385 251 30 159 1579 
935 0.374 262 28 148 1770 
1151 0.356 280 24 130 2154 
"0 0.226 410 0 0 Co 
K (cell constant) = 0.36 0- 
1 
ci-1 
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Table (36): Reaction in Water at 35 0 C. 
Time/SEC Conductance (10 mv) X-10 
3 X'10 5 (a-x). lo 3 x . 10 
2 
a-x 
0 0.748 0 476 0 
36 0.687 61 169 415 15 
60 0.659 89 148 387 23 
84 0.633 115 137 361 32 
108 0.611 137 127 339 40 
144. -O. SW 168 117 308 55 
180 0.556 192 107 284 68 
216 0.536 212 98 264 80 
2S2 0.518 230 91 246 93 
288 0.503 245 85 231 106 
336 0.482 266 7 91 210 127 
384 0.467 281 73 195 144 
432 0.454 294. 68 182 162 
480 0.443 305 64 171 178 
540 0.431 317 59 159 199 
600 0.420 328 55 148 222 
660 0.411 337 51 139 242 
720 0.402 346 48 130 266 
840 0.386 362 43 114 318 
960 0.375 373 39 103 362 
1030 0.366 382 35 94 406 
1200 0.358 390 33 86 453 
0.272 476 0 0 00 
K (cell constant) = 0.36 SI-3 cm- 
1 
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Figure (72): Reaction in Water. 
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Table (37): Rate of Reaction iii Water at. Different Temperatures 
Temp/OC No. of Expt k/lit mol- 
1 
seC- 
1 
i AveragT 
Sk C- 
II k/Clit mol- e 
is 0 1 0.098 
It -2 0.097 
Ca) 
3 0.0gs Cb) 
4 0.097 0.097 
5 0.099 Ca) 
6 0.099 Cb) 
7 0.097 
25 0 1 0.198 
2 0.200 Cal 0.198 
I 
it 3 0.193 Cb) 
it 4 0.201 
350 1 0.375 
2 0.372 0.374 
-3 
0.375 Cal 
4 0.375 Cb)- 
(a) the value of k obtained from the plot of x vs. x/t and 
Cb) from the plot of x/Ca--x) vs, t 
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4.2: Alkaline hydTolysis of methyl acetato in a! Lueous-DiMSO mixtuTes. 
The values of electrical conductance variation with time of the reaction 
between 60 ml of 0.01 M sodium hydroxide and 0.48 ml of 1.25 M methyl acetate 
in aqueous-DNISO mixtures at 15 0,25 0 and 35 0C together with values for k are 
given in Tables (38)-(53). Values for log k, T, T-1, E, log A and AS- 
are sbo,,. vn in Tables (54)-(55). The graphs obtained on plotting these 
results are given in Figures (73)-C83). 
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Table (38): Reaction in 5 inole% DINISO at 150C. 
Time/SEC Conductance (10 MV) 
3 
X-10 X, 
5 10 3 (a-x)-10 x2 
a-x 
10 
0 0.379 0 - 243 0 
71 0.359 20 28.2 223 9 
ill 0.351 28 25.2 215 13 
147 0.344 35 23.8 208 17 
195 0.335 44 22.6 199 22 
231 0.328 51 22.1 192 27 
267 0.322 57 21.3 186 31 
315 0.315 64 20.3 179 36 
375 0.306 73 19. s 170 43 
423 0.300 79 18.7 164 48 
495 0.292 87 17.6 156 S6 
S67 0.284 9s 16.8 148 64 
627 0.278 3.01 16.1 142 71 
687 0.273 106 1S. 4 137 77 
783 0.26S 114 14.6 129 88 
879 0.2. S8 121 13.8 122 99 
999 0.2SO 129 12.9 114 113 
1107 0.244 13S 12.2 108 125 
127S 0.236 143 11.2 100 143 
1419 0.230 149 10. s 94 ls9 
1S87 0.223 1S6 9.8 87 179 
1707 0.219 160 9.4 83 193 
1899 0.214 16S 8.7 78 212 
00 0.136 243 0 0 00 
K Ccell constant) = 0.36 Q- 
1 
cm 
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Table (. 39): Reaction in 5 mole% DMSO at 25 0 C. 
Time/SEC Conductance (10 niv) 
3 
X-10 x5 -10 T 
3 (a-x)-10 x2 -. 10 a-x 
0 0.449 0 - 28S 0 
109 0.390 59 54 226 26 
145 0.376 73 so 212 34 
193 0.360 89 46 196 4S 
241 0.346 103 43 182 57 
301 0.331 118 39 167 71 
361 0.318 131 36 154 85 
457 ý 0.301 148 32 137 108 
553 0.288 161 29 124 130 
637 0.278 171 27 114 ISO 
719 0.270 179 25 106 169 
323 0.261 188 23 97 194 
997 0.249 200 20 85 235 
1183 0.239 210 18 75 280 
0.164 285 0 0 W 
K Ccell constant) = 0.36 2- 
1 
cm -1 . 
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Table (40): Reaction in 5 mole% DYSO at 35 0 C. 
Time/SEC Conductance (10 mv) 
3 
x -10 
x5 10 3 (a-X)-10 x2 
a-x . 
10 
0 0.537 0 - 329 0 
43 0.485 52 121 277 19 
55 0.474 63 115 266 24 
79 0.455 82 104 247 33 
103 0.438 99 96 230 43 
139 0.415 122 88 207 59 
163 0.402 135. 83 194 70 
199 0.385 152 76 177 86 
247 0.367 170 69 159 107 
295 0.352 185 63 144 128 
343 -0.340 197 57 132 149 
379 0.332 205 54 124 165 
439 0.321 216 49 113 191 
499 0.312 225 45 104 216 
559 01.305 232 42 97 239 
679 
_O. 
290 247 36 82 301 
799 0.280 257 32 72 357 
ý79 0.270 267 27 62 431 
(30 
- 
0.208 
1 
329 0 
1 
0 
1 
Co 
11 
K (cell constant) = 0.36 11-1 cul- 
1 
Figure (74): Reaction in 5 mole% DNISO. 
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Figury (73): Reaction in 5 mole% DMSO. 
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Table (41): Reaction in 5 mole% DMSO at differeTit'temperatures. 
Temp/oc No of Expt k/lit mol- 
1 
se -1 c 
Averagq k, 
k/Clit mol-"sec-") 
is 0 1 0.119 
2 0.114 Cb) 0.117 
3 0.119 
25 0 1 0. '234 
2 0.231 
3 0.237 0.235 
4 0.238 Cb) 
5 0.235 Cal 
35 0 1 0.434 
if 2 0.434 0.436 
it 3 0.436 Ca)- 
it 4 
..... 
0.439 Cb) 
. ... ... . ...... ....... 
(a) the value of k obtained from the plot of x versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
-146- 
Table (42): Reactim in 10 nole% Wo at 15 0 C. 
Time/SEC Conductance (10 mv) 
3 
X. 10 x5 10 
3 (a-. x) - 10 x2 t-x-lo x 
0 0.263 0 - 159 0 
79 0.246 17 21.5 142 12 
139 0.238 25 18.0 134 19 
187 0.231 32 17.1 127 25 
261 0.223 40 15.3 119 34 
309 0.217 46 14.9 113 41 
379 0.210 53 14.0 106 so 
439 0.205 58 13.2 101 57 
475 0.202 61 12.8 98 62 
573 0.195 68 11.9 91 7S 
630 0.191 72 11.4 87 83 
7SI 0.184 79 10.5 so 99 
862 0.178 ss 9.8 74 lis 
991 0.173 90 9.1 69 130 
1147 0.16-7 96 8.4 63 1S2 
12SS 0.164 99 7.9 60 165 
1437 0.1S9 104 7.2 ss 189 
1S61 O. lS6 107 6.9 S2 206 
1747 O. lS2 ill 6.4 48 231 
1939 0.148 lis S. 9 44 261 
00 0.104 159 0 0 00 
K Ccell constan t) = 0.36 n-1 CM. -1 
-147- 
Table (43): Reaction in 10 mole% DMSO at 25 0 C. 
Time/SEC Conductance (10 mv) xalo 
3 X, 10 5- Ca-x). 10 3 x . 10 
2, 
a-x 
0 0.316 0 - 189 0 
55 0.293 23 42 166 13.9 
90 0.281 35 39 154 22.7 
138 0.267 49 36 140 35.0 
212 0.250 66 31 123 53.7 
259 0.241 75 29 114 65.8 
355 0.226 90 2S 99 90.9 
439 0.216 100 23 89 112.4 
565 0.204 112 20 77 145.5 
703 0.195 121 17 68 177.9 
871 0.186 130 is 59 220.3 
1009 0.180, 136 13 53 256.6 
1189 0.174 142 12 47 302.1 
Oo 0.127 
....... 
189 
... 
0 
..... 
0 
.......... 
00 
K (cell constant) = 0.36 0-1 cm- 
1 
-14s- 
Table_(44): Reaction in 10'mold%'DIMSO at 35 or. 
Time/SEC Conductance X-10 
3x. 
. 10 
5 Ca-x) . 103 
X, *-10 2 
(10 Iwo) a-x 
0 0.390 0 222 0 
32 0.360 30 94 192 16 
60 0.340 so 83 172 29 
75 0.330 60 80 162 37 
94 0.320 70. 74 152 46 
115 0.310 80 70 142 56 
140 0.300 90 64 132 68 
171 0.290 100 58 122 82 
207 0.280 110 53 112 98 
244 0.270 120 49 102 118 
292 0.260 130 45 92 141 
351 0.250 140 40 82 171 
426 0.240 iso 35 72 208 
525 0.230 160 30 62 258 
674 0.2210 170 25 52' 327 
Co 0.168 222 0 0 Co 
K (cell constant) = 0.36 
& 
cm -1 
Figure (76): Reaction in 10 mole% DMSO. 
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Figu-re (75): Reaction in 10 mol--% DNISO. 
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Table (45): Rate 6f Reaction in'10 mole% DMSO at'diffeTent tempeTatuTes. 
Temp/ 0C No ofE, -, 
. 
cpt k/lit mol- 
1 
see- 
1 Averaie k-, 
Wit mol- sec 
is 0 1 0.134 Cb) 
it 2 0.134 Ca) 0.134 
3 0.135 
25 0 1 0.258 
is 2 0.257 
of 3 0.255 0.257 
It 4 0.258 Ca) 
5 0.257 Cb) 
35 0 1 0.491 
2 0.496 Ca) 0.492 
3 0.494 Cb) 
4 0.485 
(a) the value of k obtained from the plot of x versus x/t and 
(b) from the plot ofx/Ca-x) versus t. 
-150- 
Table (46): Reaction in 1S moleo'O DMSO at 15 0 C. 
Time/SEC Conductance- (10 mv) X-10 
3 x. 
. 10 
5 
F (a-x)-10 
3 X.., 
-10 
2 
a-x 
0 0.711 0 - 380 0 
42 0.689 22 52 358 6 
102 0.662 49 48 331 is 
ISO 0.643 68 45 312 22 
198 0.626 SS 43 295 29 
246 0.611 100 A 280 36 
270 0.604 107 40 273 39 
330 O. S88 123 37 2S7 48 
402 O. S71 140 35 240 S8 
450 O. S61 ISO 33 230 65 
546 0.543 168 31 212 79 
618 0.531 ISO 29 200 90 
702 0.519 192 27 iss 102 
7 74 0.510 201 26 179 112 
868 0.500 211 24 169 125 
I 
0.331 380 0 0 co 
K Ccell constant) = 0.1 Q-1 cm -1 
-151- 
Table (47): Reactionin 15 iqole% DMSO at 25 0 C. 
-Time/SEC 
Conductance 
CIO MV) X-10 
3 x . 10 
5 
T Ca_x). 103 
:x2 
a-. x 
"" 
0 0.882 0 - 4&2 0 
54. 0.818 66 122 418 16 
90 0.784 96 109 384 26 
127 0.754 128 101 3S4 36 
162 '19 0.74 153 94 329 47 
198 0.707 175 88 307 57 
246 0.684 198 80 284 70 
293 0.663 219 75 263 83 
356 0.640 242 68 240 101 
426 0.619 263 62 219 120 
498 0.601 281 56 201 140 
594 O. s8l Ml sl 181 166 
702 0.563 319 45 163 196 
786 0.5sl 331 42 151 219 
894 O. S38 344 38 158 249 
1032 0.524 358 3S 124 289 
1179 0.512 370 31 112 330 
0.400 482 0 0 
_j 
K (cell constant. 1 = 0.1 P. - 
1 
cm- 
-I 
S2 - 
Table (48): Reaction in 15 mole% DMSO at 35 0 C. 
Time/SEC Conductance (10 mv) 
3 
X-10 x5 i-. 10 
3 (a-x)-10 x.. 2 
a-x 
10 
0 0.994 0 - 501 0 
46 0.896 98 213 403 24 
64 0.868 126 197 375 34 
77 0.850 144 187 357 40 
100 0.821 173 173 328 53 
125 0.796 198. 158 303 65 
158 0.767 227 144 274 83 
189 0.742 252 133 249 101 
230 0.720 274 119 227 121 
277 0.695 299 108 202 148 
364 0.666 328 90 173 190 
476 0.634 360 76 141 253 
629 0.608 386 61 lis 336 
740 0.594 400 54 101 396 
1073 0.569 425 40 76 559 
1550 0.547 447 29 54' 828 
2600 0.526 468 is 33 1418 
0.493 501 0 0 
K (cell constant) = 0.1 9-1 CMI- 
1 
520' 
480 
"0 
3 
440 
400 
360 
320 
280 
240 
200 
160 
120 
90 
40 
99 M 
.) 
-1 
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0 L. - ff . 
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5 10 
Figure (771) : Reaction in 15 mole% DMSO. 
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Table (49): Rate of Reaction in 15 nole% MISO at different teumeratures. 
. 0- Tenip/ C No of Expt 
.... ... 
11 k/lit mol- sce 
......... . ... ... 
1 Averace kI 
k/lit mol sec I 
... 
is 0 1 0.146 
2 0.141 0.146 
0.150 
4 0.147 Cb) 
25 0 1 0.294 
It 2 0.295 
It 3 0.292 Cal 0.291 
tl 4 0.285 Cb) 
it 5 0 . 2911 
35 0 1 0.536 
11 2 0.530 
3 0.531 0.535 
4 0.540 
5 0.534 Ca) 
6 
...... 
0.540 Cb) 
..... .... 
I 
(a) the value of k obtained from the plot of x jersus x/t, and 
(b) from the plot of x/Ca-x) versus t. 
-1.54- 
Table (50): Reaction in 20 iftole% DMSO at 15 
0 C. 
-Time/SEC 
Conductarica 
(mv) 
3 
X-10 x5 t lo 
3 (a-x)-10 x2 
a-x 
lo 
0 1.291 0 - 636 0 
43 1.251 41 95 596 6.9 
67 1.232 59 88 577 10.2 
103 1.205 . 86 83 550 15.6 
139 1.180 111 80 525 21.1 
175 1.157 134' 77 502 26.7 
224 1.130 161 72 475 33.9 
271 1.106 185 68 451 41.0 
320 1.084 207 65 429 48.3, 
379 1.060 231 61 405 57.0 
475 1.026 265 56 371 71.4 
547 1.004 287 5552 349 82.2 
644 0.977 314 49 322 97.5 
751 0.953 338 45 298 113.4 
885 0.928 363 41 273 133.0 
1015 0.907 384 38 252 152.4 
Co 0.655 636 
.. 
0 
1 
0 
1--- w 1 
--- -- 
-1 -1 K ýcell constant) = 0.36 92 cm. 
-1.55- 
Table (51): Reaction in 20"mole%'DIMSO at 25 0 C. 
Time/SEC Conductuice (10 MV) 
10 3 X, X. 10 
5 
-f 
I 
Ca-x). 10 3 
. 
x 
. 10 
2 
a-x 
0 0.172 0 34 0 
S3 0.160 12 22.6 72 16.7 
89 O. lS4 is 20.2 66 27.3 
136 0.148 24 17.6 60 40.0 
173 0.143 29 16.8 55 52.7 
210 0.139 33 15.7 51 64.7 
270 0.134 38 14.1 46 82.6 
317 0.131 41 12.9 43 95.3 
377 0.128 44 11.7 40 110.0 
460 0.123 49 10.7 35 140.0 
533 0.120 52 9.8 32 162.5 
617 0.118 54 SIB 30 180.0 
734 0.114 ss 7.9 26 223.1 
857 0.111 61 7.1 23 265.4 
co 0.088 84 0 0 to 
K (cell cmstm-. -) n o. 36 SI-1 Cra- 
1 
-156- 
Table (S2): Reaction in 20 mole% DMSO at 35 0 C. 
Time/SEC Conductance (10 mv) X-10 
3 X. 10 5 i 
x 
-. 10 
2 
a Zic 
0 0.198 0 - 92 0 
36 0.183 17 47 77 22 
60 0.175 23 38 69 33 
84 0.169 29 35 63 46 
108 0.163 35 34 57 61 
144 0.158 40 28 52 77 
iso 0.152 46 26 46 100 
228 0.146 52 23 40 130 
276 0.142 56 20 36 156 
336 0.138 60 18 32 198 
420 0.133 65 15 27 241 
540 0.129 69 13 23 300 
660 0.125 73 11 19 384 
840 0.122 76 9 16 475 
Co 0.106 92 0 0 Co 
K (cell constant) = 0.36 -1 CM-1 
.1 Figure (80): Reaction in 20 molel DWSO. 
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Fi ure (79): Reaction in 20 mole'* DMSO. 
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Time/ (SEC) 
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Tible (53): Reaction in 20 mole%'D,, ISO'at difierent*temperatures. 
Temp/oC No of Expt k1lit -101-1 sl-5c- 
1 Averaie k-i 
I 
k/lit xiol- sec 
I 
15 0 1 0.156 (a) 
ti 2 0.152 Cb)- 
3 0.152 0.155 
4 0.1-59 Ca) 
5 0.1-5- 8 rb I 
25 0 1 0.312 
It 2 0.306 Ca) 0.309 
It 3 0.310 Cb) 
35 0 1 0.588 
2 0.532 'a" Li 0.582 
3 0.576 (b) 
ai e va ue o 1- o aine TOM epoox versus x an (b) from the plot of x/Ca-. x) versus t. 
-458- 
Table (54): Alkaline hXdrolysis'of MeoAc in RMSO-H 20 RliXtUTe. 
ro Tempi C D1,1SO 
Mole Fractian 
(k/lit mol- 
1 
sec- 
1) 
. 
. 10 
3 
........... 
log 103 k Terip/oK 3 -. 
ýK-l 10 
is 0 0.00 97 1.987 288 3.472 
it 0.05 11.7 2.068 to it 
to 0.10 134 2.127 it if 
It 
. 
0.15 146 2.164 to 11 
to 0.20 iss 2.190 to 91 
25 0 0.00 198 2.297 298 3.356 
11 0.05 235 2.371 it it 
to 0.10 257 2.410 It it 
It 0.15 291 2.464 to it 
to 0.20 309 2.490 It to 
35 0 0.00 374 2. S73 308 3.247 
to 0.05 436 2.640 it it 
11 
. 
0.10 492 2.692 11 It 
It 0.15 535 2.728 It 11 
its 0.20 582 2.765 if it 
570 
5300 
490 
4SO 
410 
370 
10 3 (h/lit m01- 
1 
sec- 
1) 
320 
280 
240 
200 
go L 
0 
): Reaction in 
ous-DMSO Mixtures 
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(83): Alkaline Hydrolysis Of McOtk, -: in -, -D', \ISO mixturo-F. 
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4.3: Alkaline Hydrolysis of Methyl Acetate in Aqueous-Dioxane Mixtures. 
The values of electrical conductance variaticn with time of the reaction 
between 60 ml of 0.01 M sodium hydroxide and 0.48 ml of 1.25 M methyl acetate 
in aqueous-dioxane mixtures at 15 0 C, 25 0C and 350C, together with values -for 
k are given in Tables (56)-(77). Values for log k, T, T- 
1, E, log A and 
AS are shown in Tables C78)-C79). The graphs obtained on plotting these 
I 
results are given in Figures C84)-C99). 
-161- 
0 Table (56)_: Reaction in 'l. '25 nole%'Dioxand at 3S C. 
Time/SEC Conductance (10 mv) 
3 
x,. 10 XAO T 
3 (a-X)-10 x2 . 10 a-x 
0 0.711 0 - 441 0 
77 0.609 102 132 339 30 
138 0.559 152 110 289 53 
174 0.536 175 101 266 66 
234 0.505 206 88 235 88 
294 0.480 231 79 210 110 
366 0.456 255 70 186 137 
426 0.440 271 64 170 159 
510 0.422 289 57 152 190 
619 0.403 308 so 133 232 
774 
. 0.384 
ý27 42 114 287 
882 0.373 338 38 103 328 
1062 0.359 352 33 89 396 
00 0.270 441 0 0 CO 
K (cell constant) = 0.36 SI- 
1 
cm-1. 
Table (57): Reaction in 1.25 mole% dioxane at 35 0 C. 
No of Expt 
(k/lit mol 31 sec-1) Averýge k_, 
-10 k/lit mol 'Sec , 
1 382 
2 382 0.381 
3 382 (a) 
4 377 Cb) 
(a) from the plot of x versus x/t and 
(b) from x/Ca-x) versus t. 
x. 1O 
440 
40C 
36( 
32( 
28( 
241 
201 
16 
12 
_x 
5 
: F. 10 
0 20 40 60 80 100 120 140 
Figure (85): Reaction in 1.2S mole% Dloxane at 3S 0 C. 
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Table (58): Reaction in 2.5 mole% dioxane at 15 0 C. 
Time/SEC Conductance 10 mv X. 
10 3 x . 10 
5 Ca-x). 10 3 X- . 10 
2 
a-x 
0 4.459 
'0 2928 
0 
90 4.215 244 271 2684 9 
162 4.037 422 260 2506 17 
210 3.942 517 246 2411 21 
282 3.813 646 229 2282 28 
342 3.715 744 218 2184 34 
414 3.608 851 206 2077 41 
486 3.511 948 195 1980 48 
558 3.422 1037 186 1891 55 
654 3.315 1144 175 1784 64 
762 3.208 1251 164 1677 75 
859 3.123' 1336 IS6 1592 84 
1002 3.010 1449 145 1479 98 
1086 2.953 1506 139 1422 106 
1158 2.908 1551 134 1377 113 
1230 2.868 1591 129 1337 119 
CO 1.531 2928 0 0 CO 
K (cell constant). = 0.36 Q-1 cm-I 
-163 
Table (59): Reaction in_2. *S mole%'dioxane'at 25 0 C. 
Time/SEC Conductance 10 ], IV X-10 
3 X, 10 5 T Ca-x)-10 
3 x. 10 2 
a-x 
0 O. S43 0 - 338 0 
41 0.520 23 S6 31S 7 
77 0.503 40 52 293 14 
160 0.463 80 SO 258 31 
268 0.429 114 43 224 51 
3S2 0.407 136 39 202 67 
448 0.386 157 35 181 87 
676 0.3S2 191 28 147 130 
970 0.322 221 23 117 189 
1012 0.319 224 22 114 196 
00 0.205 338 0 0 00 
-I-1 K (cell constant) = 0.36 11 cm 
-164- 
Table (60): Reaction in 2.5 inole% dioxane at 35 0 C. 
Time/SEC Conductance ( mv ) X-10 
3 X, 105 :F (a-x)-10 
3 x . 10 
2 
a-x 
0 6.461 0 - 3993 0 
125 5.186 1275 1020 2718 47 
166 4.937 1524 918 2469 62 
202 4.750 1711 847 2282 75 
250 4.544 1917 767 2076 92 
310 4.332 2129 687 1864 114 
382 4.128 2333 611 1660 141 
454 3.964 2497 550 1496 167 
514 3.850 2611 508 1382 189 
574 3.752 2709 472 1284 211 
658 3.637 2824 429 1169 242 
754 3.527 2934 389 1059 277 
838 3.447 3014 360 979 308 
982 3.334 3127 318 866 361 
1102 3.258 3203 291 790 405 
1187 3.212 3249 274 744 437 
1306 3.156 3305 253 688 480 
1438 3.102 3359 234 634 530 
Co 2.468 3993 0 0 00 
-1 -1 K (cell constant) = 0.36 Q cm 
Figure (86): Reaction in 2.5 mole*-. Dioxane. 
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Figure (87): Reaction in 2.5 mole% Dioxane. 
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Table (61): Reaction in 2. S role% dioxane at different temperatures. 
Temp/ 0C No of Expt k/lit mol- 
1 
sec- 
1 Averaie k 
k/lit mol Sec- 
is 0 1 0.105 
2 0.106 
3 0.099 Cb) 
4 0.107 (a) 
5 0.099 Cb) 0.103 
6 0.103 Ca) 
7 0.099 
8 0.104 
9 0.099 
10 0.104 
25 0 1 0.202 
it 2 0.200 Ca)- 
of 3 0.197 Cb) 
4 0.205 0.202 
s 0.203 Ca) 
6 0.202 Cb) 
35 0 1 0.367 
It 2 0.367 0.369 
it 3 0.370 Ca) 
4 0.372 Cb I 
. ..... . ... ...... . 
(a) the value of k obtained from the plot of x versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
-166- 
Table (62): Reaction in 5 mole% dioxane at 15 0 C. 
Time/SEC Conductance 
( mv X910 
3 x . 10 
5 
t 
Ca-x)-10 3 x . 10 
2 
a-x 
0 3.695 -0 - 2351 0 
. 109 3.458 237 217 . 2114 
11 
181 3.332 363 201 1988 18 
253 3.219 476 188 1875 25 
325 3.118 577 178 1774 33 
397 3.027 668 168 1683 40 
469 2.944 751 160 1600 47 
505 2.906 789 156 1562 51 
589 2.824 871 148 1480 59 
685 2.740 955 139 1396 68 
769 2.673 1022 133 1329 77 
841 2.621 1074 128 1277 84 
925 2.562 1133 122 1218 93 
1081 2.469 1226 113 1125 109 
1189 2.414 1281 108 1070 120 
CO 1.344 2351 0 0 00 
K (cell constant) 0.36 Q cm 
-167- 
Table (63): Reaction in 5 mole%_dioxahe at*25 0 
Time/SEC Conductance (10 MV) 
3 
x . 10 
xs 10 3 Ca-4-10 x2 a-x . 
10 
0 0.442 0 - 271 0 
42 0.422 20 48 251 8 
91 0.403 39 43 232 17 
174 0.375 67 39 204 33 
246 0.356 86 35 185 46 
330 0.338 104 32 167 62 
474 0.314 128 27 143 go 
580 0.300 142 24 129 110 
719 0.285 157 22 114 138 
903 0.270 172 19 99 174 
1038 0.261 181 17 90 201 
CO 0.171 271 0 0 CO 
K (cell constant) = 0.36 Q-1cm -1 . 
-168- 
Table (64): Reaction in 5 mole% dioxane at 3S 0 C. 
Time/SEC Conductance 
mv 
3 
X-10 X. 
5 
T 10 
3 Ca-x). 10 x2 -g-x -10 x 
0 5.416 0 - 3265 0 
108 4.526 890 824 2375 38 
182 4.155 1261 693 2004 63 
242 3.930 1486 614 1779 84 
302 3.750 1666 552 1599 104 
350 3.632 1784 510 1481 120 
434 3.460 1956 451 1309 149 
495 3.360 2056 415 1209 170 
567 3.259 2157 380 1108 195 
674 3.133 2283 339 982 232 
758 3.051 236S 312 900 263 
866 2.964 2452 283 813 302 
1024 2.864 2552 249 713 3S8 
109S 2.826 2590 237 67S 384 
12SO 2.7SS 2661 213 604 441 
1370 2.709 2707 198 SS8 48S 
00 2.151 3261 0 0 00 
K (cell constant) = 0.36 11- 
1 
cm- 
1 
10 3 
400 
Figure (88): Reaction in 5 mole% Dioxane. 
360 
320 
280 
240 
200 
160 
120 
80 
40 
20 40 60 80 100 1.10 
t 
Figure (89): Reaction in 5 nole% Dioxane. 
480 
x 10 
2 
(a-x) 
440 
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360 
320 
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24C 
20( 
16( 
12 
3 
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'rime (SEC) 
0 200 400 600 800 1000 1200 1400 
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Table (65): Reaction in 5 mole% dioXane at'different 
Temp/ 0C No of Expt k/lit mol- 
I 
sec- 
1 
..... 
Averaie k 
k/lit mol sec 
...... ... 
is 
0 
1 0.104 
2 0.101 Ca) 
3 0.101 (T))- 0.103 
4 0.105 
5 0.103 
25 0 1 0.193 
2 0.194 Cb 1 0.193 
3 0.193 Ca)- 
35 0 1 0.350 
2 
_0.3S4 
0.3S2 
3 0.348 Ca) 
4 0.3S4 Cb)- 
(a) the value of k obtained from the plot of x versusx/t and 
Cb) from the plot of x/Ca-x) versus t. 
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Table (66): Reaction in 10 mole% dioXane at 15 0 C. 
Time/SEC Conductance CMV) X010 
3 X, 10 5 tI 
(a-x)-10 3 x -10 
2 
a-x 
0 2.510 0 - 1478 0 
137 2.328 182 133 1296 14 
197 2.266 244 124 1234 20 
257 2.211 299 116 1179 25 
305 2.170 340 ill 1138 30 
377 2.114 396 i0s 1082 37 
461 2.054 456 99 1022 45 
S34 2.008 502 94 976 51 
594 1.972 538 91 940 57 
677 1.927 583 86 895 65 
785 1.874 636 81 842 76 
369 1.838 672 77 806 83 
941 1.809 701 74 777 90 
1049 1.768 742 71 736 101 
1145 1.736 774 68 704 110 
1205 1.717 793 66 685 116 
00 1.032 1478 0 0 W 
K Ccell constant) = 0.36 il- 
1 
ci-1 
-171- 
Table (67): Reaction in 10 mole% dioxane at 1250c. 
Time/SEC Conductance 
(10 MV) X610 
3 X. 10 5 T Ca-x). 10 
3 
. 10, a-x 
0 0.307 0 - 177 0 
40 0.294 13 33 164 8 
100 0.279 28 28 149 19 
210 0.258 49 23 128 38 
388 0.234 73 19 104 70 
544 0.219 88 16 89 99 
668 0.210 97 is 80 121 
799 0.202 los 13 
1 
72 146 
988 0.194 113 11 64 177 
1168 0.187 120 10 57 211 
1364 0.181 126 9 51 247 
00 0.130 177 0 
.. 
0 
...... .... 
0 
K Ccell constant) = 0.36 Q- 
1 
cm-1 
-172- 
Table (68): Reaction in 10 mole% dioxane at 35 0 C. 
Tijae/SEC Conductance 
M%) -x . 
10 3 x '10 
s Ca-x)-10 3 x "10 
2 
a-x 
0 3.756 0 - 2098 0 
14"1 3.060 696 413 1402 so 
195 21.926 830 426 1268 65 
279 2.742 1014 363 1084 94 
327 2.6S9 1097 335 1001 110 
399 2. SS8 1198 300 900 133 
495 2.4S1 130S 264 793 16S 
627 2.337 1419 226 679 209 
737 2.266 1490 202 608 24S 
8ss 2.205 issi 181 S47 285 
927 2.173 1S83 171 sis 307 
1047 2.128 1628 iss 470 346 
00 1.658 2098 0 0 CO 
(cell constant) = 0.36 S1 -1 cm -1 
Figure (90): Reaction in 10 mole% Dioxane. 
10 3 
220 
(Conductance x 10 mV) 
200 a= Initial Conc = 0.0099 M 
G= Gradient 1 k= Rate Const = CG x a) 
180 
-2 
Temp/oC 10 G/SEC* k/ -1 -1 lit mol Sec 
160 ls 10.1389 0.100 
25 .. 
S. 
-SO00, 
0.184 
3S 2.9927 0.338 
140 
120 
100 
-80 
60 
40 
20 
40 
(350) 
1 (150) 1 (25 0) 
20 40 60 80 100 
x 10 5 7p 
Figure (91): Reaction in 10 mole., 1- Dioxane. 
x 
(a-x) 
440 
400 
360 
320 
28C 
'14C 2 
20C 
16( 
12( 
8( 
41 
Time/(SEC) 
0 200 . 400 600 800 1000 1200 1400 
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Table (69): Reaction in'10 mole% dioxane at different temperatures. 
. Temp/ 
0C No of Expt k/lit mol-'sec-1 
Average k 
k/lit mol ' sec 
is 0 1 0.095 
11 2 0.097 0.097 
tl 3 0.100 Ca) 
it 4 0.097 Cb) 
25 0 1 0.184 Ca) 
it 2 0.179 
tl 3 0.183 0.183 
4 0.183 Cb) 
5 0.185 
35 0 1 0.338 Ca) 
2 0.335 Cb) 
3 0.340 
4 0.333 0.336 
5 0.335 
6 0.334 
7 0.336 
(a) the value of k obtained from the plot of x versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
-174- 
Table (70): Reaction in 15 mole% dioxane at 15 0 C. 
Time/SEC Conductance 
mv X-10 
3 X. 10 5 Ca-x)-10 3 X., 10 
2 
a-x 
0 1.795 0 955 0 
96 1.710 85 89 870 10 
168 1.662 133 79 822 16 
216 1.633 162 75 793 20 
266 1.605 190 71 765 25 
334 1.569 226 68 729 31 
456 1.513 282 62 673 42 
552 1.475 320 58 635 so 
612 1.453 342 56 613 56 
756 1.406 389 51 566 69 
864 1.376. 419 48 536 78 
960 1.351 444 46 511 87 
1032 1.334 461 45 494 93 
00 0.840 955 0 0 00 
K Ccell constant) = 0.36 Sf 
1 
cm -1 
-175- 
Table (71): Reactim in 15 mole% dioxane at'25 0 C. 
Time/SEC Conductance X. 10 
3 X"10 5 
t 
Ca-x)alO 3 x '10 
2 
a-x 
0 2.195 0 - 1132 0 
153 1.949 246 161 886 28 
261 1.836 359 138 773 46 
381 1.743 452 119 680 66 
525 1.652 543 103 589 92 
621 1.606 589 95 543 108 
753 1.552 643 85 489 131 
873 1.512 683 78 449 152 
1017 1.472 723 71 409 177 
1149 1.442 753 66 379 199 
1329 1.404 791 60 341 232 
CO 1.063 1132 0 0 00 
K (cell constant) = 0.36 if 
1 
cm-1 
-176- 
Table (72): Reaction in 15 mole% dioxane at 35 0 C. 
Time/SEC Conductance 
mv X810 
3 x 
'10 
5 
t 
(a-x). 10 3 X- , 10 
2 
a-x 
0 2.686 0 - 1342 0 
122 2.310 376 308 966 39 
171 2.214 472 276 870 54 
230 2.123 S63 245 779 72 
314 2.019 667 212 675 99 
375 1.959 727 194 615 118 
434 1.913 773 178 S69 136 
494 1.863 823 167 519 159 
566 1.820 866 153 476 182 
698 1.757 929 133 413 225 
794 1.721 965 122 377 256 
950 1.674 1012 107 330 307 
1070 1.645 1041 97 301 346 
1238 1.612 1074 37 -268 401 
00 1.344 1342 0 0 00 
K Ccell constant) = 0.36 Q -1 cm 
10 2 
140 
120 
100 
80 
60 
40 
20 
0 
Figure (92): Reaction in 15 mole% Dioxane. 
a= Initial Conc = 0.0099 M 
G= Gradient 
x 
i-. 10 
0 40 80 120 160 200 240 230 
x 
. 10 (a-x) 
400 
360 
320 
230 
240 
200 
160 
120 
80 
40 
Time/ (SEC) 
0 200 400 600 800 1000 1200 
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Table (73): Reaction in 15 mole% of dioxane at different temperatures. 
Temp/ 0C No of Expt k/lit mol- 
1 
sec- 
1 Averaie k 
k/lit mol- sec 
is 0 1 0.092 
it 2 0.096 Ca) 0.092 
it 3 0.091 (b) 
it 4 0.090 
25 0 1 0.175 
it 2 0.171 0.174 
0.175 Ca) 
4 0.176 Cb) 
35 0 1 0.326 
2 0.322 Cal 0.324 
3 0.324 Cb) 
(a) the value of k obtained from the plot of Y versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
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Table (74): Reaction in 20 mole% dioxane at 15 0 C. 
Time/SEC Conductance 
( mv 
3 
x -10 
x5 
T '10 
3 (a-x). 10 x2 g--x . 10 
0 1.293 0 - 594 0 
133 1.229 64 48 530 12 
171 1.215 78 46 516 is 
204 1.203 90 44 504 18 
288 1.176 117 41 477 25 
349 i. is8 135 39 459 29 
397 1.145 148 37 446 33 
457 1.129 164 36 430 38 
541 1.109 184 34 410 45 
649 1.086 207 32 387 53 
709 1.074 219 31 375 58" 
814 1.055 238 29 356 67 
961 1.031 262 27 332 79 
1117 1.009 284 25 310 92 
CO 0.699 594 0 0 00 
K Ccell constant) = 0.36 Sl- 
I 
cm- 
1 
-179- 
Table (75): Reaction in 20 mole% 'dioxane 'at'25 0 C. 
Time/SEC Conductance 
mv 
3 
X-10 x5 -: F-10 
3 Ca -. -xl - 10 
2 
g__x 10 
0 1.604 0 - 703 0 
137 1.473 131 96 572 23 
221 1.413 186 84 517 36 
318 1.365 239 75 464 52 
425 1.319 285 67 418 68 
557 1.272 332 60 371 89 
689 1.235 369 54 334 110 
797 1.210 394 49 309 128 
941 1.181 423 45 280 151 
1109 1.154 450 41 2S3 178 
1289 1.130 474 37 229 207 
0.901 703 0 0 CO 
K (cell constant) = 0.36 Q- 
1 
cm- 
1 
-180- 
, rable C76) : Reaction in 20 mole% dioxane 'at 35 0 C. 
Time/SEC Conductance 
( mv ) 
3 
X-10 x5 T . 10 
3 (a-X) - 10 
x2 
g__-x '10 
0 1.944 0 - 824 0 
107 1.734 210 196 614 34 
167 1.661 283 169 541 52 
215 1.614 330 153 494 67 
275 1.565 379 138 445 85 
371 1.504 440 119 384 115 
455 1.462 482 106 342 141 
527 1.433 511 97 313 163 
599 1.408 536 89 288 186 
710 1.377 567 80 257 221 
827 1.350 594 72 230 2S8 
911 1.334 610 67 214 28S 
00 1.120 824 0 0 CO 
K (cell constant) = 0.36 il-1 cui- 
1 
Figure C94): Reaction in 20 mole% Dioxane. 
X. 10 
2 
120 a= Initial Conc G= Gradient 
k= Rate Const 
Temp/ 0C G/SEC' 
= 0.0099 M 
CG x a) 
k/ 
lit mol sec 
100 
is 11.1905 0.090 
80 25 6.1233 0.165 
35 3.2014 0.316 
60 
40 - 
,0- 
(15, c) 
0 20 40 
35 0Q 
(250C 
J 
60 
5 
80 100 120 140 160 
X/t , 10 
240 
220 
200 
iso 
160 
140 
x2 10 
120 
100 
SO 
60 
40 
20 
0 20.0 4bo 600 800 1000 1200 1400 
Time/tSEQ 
Figure C95): Reaction in 20 nolc% Dioxane. 
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Table (77): Reaction in 20 mole% dioxane at different temperatures. 
Temp/ 0C No of Expt k1lit mol- 
I 
see- 
1 Averaie k 
k/lit mol- see 
is 0 1 0.087 
it 2 0.090 
it 3 0.085 . 
0.087 
if 4 0.090 (a) 
If 5 0.084 (b) 
25 0 1 0.168 
If 2 0.165 (a) 
it 3 0.162 (b) 0.166 
it 4 0.168 
35 0 1 0.315 
it 2 0.314 
it 3 0.316 (a) 0.315 
It 4 0.314 (b) 
Ca) the value of k obtained from the plot of x versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
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Table (78): Alkaline hydrolysis of methyl acetate in dioxane-water mixtures 
at 15 0,25 0 and 350C. 
0 Temp/ C Temp/ 0K Dioxane Mole Eraction 
k-10 3/ 
-1 lit mol- 
1 
see 
log 10 3k 10 
3 
K-1 +/ 
ls 0 288 0.000 97 1.9868 3.472 
If 0.025 103 2.0128 if 
it 0.050 103 2.0128 it 
it 0.100 97 1.9868 if 
it 0.150 92 1.9638 It 
it 0.200 87 1.9395 It 
25 0 298 0.000 198 2.2967 3.356 
0.025 202 2.3054 It I 
0.050 193 2.2856 to 
0.100 183 2.262S 
0.1so 174 2.2405 
0.200 166 2.2201 
35 0 308 0.000 374 2.5729 3.247 
it it 0.012S 381 2. S809 
0.02SO 369 2. S670 
0.050 352 2.5465 
0.100 336 2.5263 
0.1so 324 2. SlOS 
0.200 31S 2.4983 
-38C 
36( 
34( 
321 
k. 10 
180 
16C 
0 . 05 . 10 . 
15 . 20 
x Dioxane 
%D 
t4 
4--) 
X 
,, -I 
Cd 
x 
0 
U) e"ý 
ý3 m 
Q, 4-1 
0 
1.4 
9 134 
0 rj 
., j r, 
4J 0 
u 4- 
, Y. -S 
r1 I'-. 
0 
0 
ei 
. J. 
Cý 
C) 
It 
14 
C) 
00 
t1r) 
vi 
0 
0 
cD 
4.; 
0 C) 
t4l 
r4 
C) 
00 
C) 
\0 
CA 
t4 
C5 
. ý4 C) C) '0 C) C. ) 0 
C4 C4 
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4-) 
x 
. rj 
Cd 
0 
. rj 
10 
4J 
Cd 
co 
t-I 
4-4 
0 
M 
.H 
r-q 
Cd 
1ý4 
Ci) 
t- 
0 
0 
0 Ln 0 Ln %D 
r-4 \0 00 Cý 00 r-. i C) - 
bO \0 C) I r-I oll CA in -t r-4 
0 
00 Ln a 
-cl ITJ Itt Ln t- r- \0 c"I C-4 C'4 C-4 C-4 C-4 -4 1 1 1 1 1 1* Cd 
Ln ýq 00 Ln \C) el-4 (D) tr) co *ý* 0 -zt \0 \0 (7) M tý t4-j 
bo CA I Ln 7-4 (N V) Ln 0 
'I p 
43 
Cl r- \0 cli CD (D 
H C14 \D 00 Ln 00 tn *-- ý11 00 1 04 t-ý CA C) v) 
as r-4 
r-4 4 a Cý 
r-I r-q r-I 1-4 r-4 
r-I 0 -ýr r-l m cq \. o q* Ln Ln r- CO \-D Ln v) " -I d) V) t4) M V) V) t4l) V) 
W 
r-4 
0 u 
0 00 C14 V) V) \0 
Ln (3) 1 0 C7, 00 t" \0 CA r-4 cq T-4 r-I r-4 V-4 
34 
tl- C*-l r", 
t'ý . m m i C) 0 C) m co 
a 
Ln 0) r. 4 0 C14 Ln a 0 C) C) Cd ýl 4-3 C) -4 (N ua 0 Lr) C) ý4 0 
0 :4 
C. ) 
Cd 
c) a 0 0 ý4 r-4 C-4 
. r-j k C; Cý Cý Cý C; 8 Cý 
FIM! re (98): Plots of log A and EA, ' gainst x Dioxane. 
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Figure__(99): Plot of E ve-esus log A for the 
reaction in Aquecus-Dioxane mixtures. 
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4.4: Alkaline Hydrolysis of Methyl Acetate in Aqueous-M (methyl ethxl ketone, 
2-butanone, CH -CO-ýC H) mixtures. 3 2-=S- 
The values of electrical conductance variation with time of the reaction 
between 60 ml of-0.01 M sodium hydroxide and 0.48 ml of 1.25 M methyl acetate in 
aqueous-methyl ethyl ketone mixtures at 15 0,2S 0 and 35 0C (at SSOC because of 
phase separation, the initial concentration of 0.0040 M in 5 mole% of MEK 
and 0.0032 M in 6 mole% of 1EK were used) togehter with values for k are 
given in Tables (80)-(91). Values for log k, T, T-1, E, log A and AP 
are shown in Tables (92) and C93). The graphs obtained or, plotting these 
results are given in Figures C100)-C108). 
-185- 
.1 Table (80): Reaction in 2.5 niolel MEK at 15 0 C. 
Time! SEC Conductance (10 mv X-10 
3 X'10 s 
T (a-x)-10 
3 x 
. 10 
2 
i-_x 
0 0.471 0 - 306 0 
40 0.4S8 13 33 293 4 
76 0.449 22 29 284 8 
136 0.434 37 27 269 14 
208 0.419 52 2S 2S4 20 
244 0.412 59 24 247 24 
352 0.393 78 22 228 34 
448 0.378 93 21 213 44 
520 0.368 103 20 203 51 
664 0.3Sl 120 18 186 6S 
771 0.340 131 17 17S 7S 
918 0.327 144 16 162 89 
1036 0.317 1S4 IS 1S2 101 
1158 0.309 162 14 144 113 
1300 0.300 171 13 135 127 
1461 0.291 180 12 126 143 
1732 0.278 193 11 113 171 
co 0.165 306 0 0 00 
K (cell constant) = 0.36 Q- 
I 
cn, -1 
-186- 
Table (81): Reaction in 2.5 mole% MEK at 2S 0 C. 
Time/SEC Conductance CIO mv) 
3 
X-10 x5 10 : F* 
3 Ca-x). 10 x2 -10 a-x 
0 0.511 0 - 322 0 
47 0.486 25 53 297 8.4 
85 0.466 45 53 277 16.2 
131 0.447 64 49 258 24.8 
190 0.426 85 45 237 35.9 
276 0.401 110 40 212 51.9 
384 0.376 135 3S 187 72.2 
470 0.360 151 32 171 88.3 
583 0.342 169 29 153 110.5 
703 0.327 184 26 138 133.3 
836 0.314 197 24 125 157.6 
961 0.303 208 22 114 182.5 
00 0.189 322 0 0 00 
K (cell constant) = 0.36 Q- 
1 
cm 
-187- 
Table (82): Reaction in 2.5 mole% MEK at 35 0 C. 
Time/SEC Conductance Cl 0 IIN) X&10 
3 X'10 5 
t 
Ca-'K). 10 3 x '10 
2 
a-x 
0 0.589 0 - 378 0 
48 O. S31 S8 121 320 18.1 
84 MOO 89 106 289 30.8 
180 0.441 148 82 230 64.3 
252 0.410 179 71 199 89.9 
324 0.387 202 62 176 114.8 
420 0.363 226 S4 IS2 148.7 
S64 0.337 252 4S 126 200.0 
684 0.321 268 39- 110 2433.6 
900 0.300 289 32 89 324.7 
CO 0.211 378 0' 0 00 
K (cell constant) = 0.36 SI- 
1 
cm -1 
X. 10 
3 
400 
[* Figure (100): Reaction in 2. S mole% MEK. 
a= Initial Conc = 0.0099 M 
360 
G= Gradient 1 k= Rate Const = (G. a)- 
Temp/ 0c G/SEC. 10- 2 k/ 1 
320 lit mol see- 
is 10.196 0.099 
280 
25 S. 308 0.190 
3s 2.780 0.363 
240 
200 
160 
120 
80 0 
40 
(250C) C3 50 C) 
0 
L--f, 
I 
0 20 40 60 80 100 120 
x5 
: E. 1.0 
Figure 
_(101): 
Reaction in 2.5 mole% MEK. 
a- Initial Conc = 0.0099 14 
G= Gradient 
k= Gla 
x02 
(a-x) 
320 
280 
240 
200 
160 
120 
80 
40 
0 
Time/ CSF. C) 
0 200 400 600 800 1000 1200 
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Table (83): Reaction in 2. S mole% MEK at different temperatures. 
. Temp/ 
0C No of Expt k1lit mol- 
1 
sec- 
I Averagj k_I 
k/lit mole- Sec 
15 0 1 0.098 
it 2 0.096 
it 3 0.099 Cb) 0.097 
is 4 0.099 Ca) 
if 5 0.095 
25 0 1 0.189 
it 2 0.186 
it 3 0.190 Ca) 0.189 
it 4 0.190 (b) 
ft 5 0.188 
35 0 1 0.365 
2 0.360 
3 0.362 
4 0.363 (a) 0.364 
5 0.362 Cb) 
6 0.368 
7 0.366 
(a) the value of k obtained from the plot of x Versus x/t and 
Cb) from the plot of x/Ca-x) versus t. 
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Table (84): Reaction in 5 mole% MEK at 15 0 C. 
Tirie/SEC Conductance (10 Iliv) X-10 
3 X, 10 6 
t 
Ca-x)-10 3 x . 10 
2 
a-X 
0 0.323 0 - 219 
64 0.310 13 203 206 6.3 
120 0.300 23 192 196 11.7 
176 0.291 32 182 187 17.1 
259 0.279 44 170 175 25.1 
355 0.267' 56 158 163 34.4 
487 0.253 70 144 149 47.0 
607 0.242 81 133 133 58.7 
751 0.231 92 123 127 72.4 
871 0.223 100 115 119 84.0 
1100 0.210 113 103 106 106.6 
CO 0.104 219 0 0 co 
K (cell constant) = 0.36 0-1 cm- 
1 
-190- 
Table (85): Reaction in 5 mole% MEK at 25 0 C. 
Tir. e/SEC 
Conductance 
10 ur, )) 
3 
X-10 x5 : E. lo 
3 (a-x). 10 xa2 10 
a-x 
0 0.428 0 - 261 0 
75 0.398 30 40 231 13.0 
110 0.386 42 38 219 19.2 
146 0.375 53 36 208 25.5 
194 0.362 66 34 195 33.8 
278 0.343 85 31 176 48.3 
350 0.329 99 28 162 61.1 
422 0.317 ill 26 iso 74.0 
519 0.303 12S '-24 136 91.9 
734 0.282 146 20 115 127.0 
926 0.266 162 17 99 163.6 
1166 0.252 176 is 85 207.1 
co 0.167 261 0 0 00 
K (cell constant) = 0.36 Q- 
1 
cm- 
-191- 
Table (86): Reaction in 5 mole% MEK at 350C*. 
Time/SEC Conductance CMV) X-10 
3 x '10 
5 
t 
(a-x)-10 3 x '10 
2 
a-x 
0 1.942 0 - 1151 0 
60 1.842 100 167 1051 9.5 
132 1.758 184 139 967 19.0 
228 1.664 278 122 873 31.8 
288 1.614 328 114 823 39.9 
360 1.559 383 106 768 49.9 
444 1.504 438 99 713 61.4 
564 1.436 506 90 645 78.4 
720 1.365 577 so 574 100.5 
840 1.318 624 74 527 118.4 
1020 1.261 681 67' 470 144.9 
CO 0.791 1151 0 0 00 
K (cell constant) = 0.36 0 -1 cm -1 
* Initial concentration, a=0.0040 Mole/lit. 
x. 10 
3 
200 
180 
160 
140 
120 
Figure_SI02): Reaction in 5 nolo% MEK. 
a -Initial concentration 
G- Gradient 
ka Rate constant - (G x a)-' 
Temp/ 0c (a)/ M l G/SEC* 
10 -2 kj 1 - - o e/lit lit mol sec 
is 0.0099 10.45, r, 0.097 
25 0.00§9 5.71 0.177 
35 0.0040 7.2S 0.34S 
) 
100 
so 
60 
40 
20 (250C) 
60 80 
X/t. lo 
s 
a-0.004 M 
and 4 
X. 10 vs x1t. 10 
(cond. x mv) 
1- 
(35 0 C) 
100 120 140 
(150c) 
0 20 40 
FiLure (103): Reaction in 5 mole% MEK. 
Temp/OC a/ -1 G/sEc- 
1.10 k/ 
Mole lit lit mole- sec 
200 
x 10 2 (a-x) 
180 - 
160 - 
140 - 
120 - 
100 - 
80 - 
60 - 
40 - 
20 - 
0v 
0 
1040) 
200 400 600 800 1000 1200 Timal(SEC) 
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Table (87): Reacti6n in 5 mold%'MEK at different temperatures. 
Temp/ 0C No of Expt k/lit mol- 
1 
sec- 
1 
.... . .... ... 
Averag? k 
k1lit mol- see 
. .... 
15 0 1 0.095 
It 
1 
2 0.095 
It 3 0.098 (bl 
it, 4 0.097 Cal 0.095 
It 5 0.094 
6 0.093 
7 0.096 
2S 0 1 0.177 
2 0.177 0.177 
3 0.177 Ca) 
4 0.178 (b) 
35 0 1 0.345 (a) 
it 2 0.348 (b) 0.345 
it 3 0.343 
Ca) the value of k obtained from the plot of x versus x/-#. and 
Cb) from the plot of x/Ca-x) versus t. 
-193- 
Table (88): Reaction in 6 mole%_MEK at 15 0 C. 
Time/SEC Conductance (10 mv) 
3 
X-10 x6 T *10 (a-x). 10' 
x2 
- . 10 x 
0 0.297 0 - 197 0 
52 0.289 8 154 189 4.2 
137 0.277 20 146 177 11.3 
226 0.266 31 137 166 18.7 
318 0.256 41 1129 156 26.3 
433 0.24S 52 120 14S 35.9 
491 0.240 S7 116 140 40.7 
620 0.230 67 108 130 sl. s 
718 0.223 74 103 123 60.2 
SS4 0.215 82 96 lis 71.3 
1000 0.2 07 90 90 107 84.1 
liss 0.200 97 84 100 97.0 
0.100 197 0 0 00 
-1-1 K Ccell constant) = 0.36 Q cm 
-194- 
Table C89): Reaction in 6 mole% MEK at 2S 0 C. 
Time/SEC Conductance clo mv) X-10 
3 X, 10 5 Ca-x)-10 5 . 10 
2 
a-x 
0 0.380 0 225 0 
40 0.367 13 33 212 6.1 
76 0.356 
-24 32 201 
11.9 
124 0.343 37 30 188 19.7 
196 0.326 54 28 171 31.6 
268 0.312 68 25 1S7 43.3. 
328 0.302 78 24 147 53.1 
400 0.292 88 22 137 64.2 
532 0.276 104 20 121 86.0 
683 0.262 118 17 107 110.3 
817 0.252 128 16 97 132.0 
940 0.244 136 14 89. 152.9 
1108 0.235 14S 13 80 181.3 
1465 0.221 159 11 66 240.9 
CO 0.155 225 0 0 00 
K (cell constant) = 0.36 Q- 
I 
cm 
-195- 
Table (90): Reaction in 6 mole% MEK at'35 0 c! 
Time/SEC Conductance (10 mv) X-10 
3 x '10 
6 
t 
Ca-x). 10 3 x, 10 3 
a-x 
0 0.603 0 - 352 0 
84 0.572 31 369 321 97 
168 0.549 54 321 298 181 
252 0.529 74 294 278 266 
312 0.516 87 279 265 328 
384 0.502 101 263 251 402_ 
540 0.477 126 233 226 558 
624 0.465 iss 221 214 64S 
732 0.451 lS2 208 200 760 
864 0.436 167 193 18S 903 
996 0.423 180 181 172 1047 
1224 0.404 199 163 IS3 1301 
00 0.2SI I 
3S2 0 
I 
0 
I- 
00 
I 
K Ccell constant) = 0.1 0 -1 cla 
*a (initial concentration) = 0.0032 nole/lit. 
I 
Figure (104): Reaction in 6 mole% WK. 
a= Initial concentration 
G= Gradient 
k= Rate constant = (G. a)- 
10 3 
400 
360 
320 
280 
240 
200 , 
160 
120 
80 
40 
Temp/ C a/ G/SEC' 10- 
2 k/_ 1 Mole/lit lit mol see 
is 0.0099 12.073 0.094 
25 0.0099 6.164 0.164 
35 0.0032 9.514 0.328 
50c 
= 0.0032 1 molepit 
= 0.1 ýý cm 
. 1--l I-- 
so 60 70 
-X/t. 10 
off II--I-I 
0 10 20 30 40 
2 x 
X) . 
10 (a Figure (105): Reaction in 6 nole% MIEK. 
240 
0 Temp/ C a/ 1. G/SEC- 10 
4 k/ 
-1 1 mol e/lit it lifý no 1 see 
220 
is 0.0099 8.35 0.084 
25 0.0099 16.38 0.165 (250C) 
200 35 0.0032 10.45 0.327 
a= Initial Concentration 
ISO G= Gradient k= Rate Constant (G/a) 
160 
K = 0.1 Sý-' cm- 
I 
a = 0.0032 M 
140 
0 C35 C) 
120 
100 is 0 C) 
so 
60 
40 
20 
0 
0 200 400 600 Soo 1000 1200 1400 
T/CSEQ 
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Table (91): Reaction in 6 mole% MIS. K at different temperati=cs. 
Temp/ 0c No of Expt k/lit mol- 
1 
sec- 
1 Averagj k 
k/lit mol sec 
is 0 1 0.083 
2 0.081 
3 0.086 
4 0.084 Ca) 0.084 
5 0.084 (b) 
6 0.082 
7 0.087 
25 0 1 0.161 
0.164 
3 0.164 Ca) 
4. 0.165 Cb) 0.163 
5 0.165 
6 0.161 
35 0 1 0.329 
2 0.324 0.327 
3 0.327 Cb) 
4 0.328 (a) 
.......... 
(a) the value of k obtained from the plot Of X Versus x/t and 
Cb) from the plot of x/(A-x) versus t. 
-197- 
Table (92): Alkalinelydr6ly. ýis'6f methyl acetate in ME-K-H 20 mixtures. 
Temp/OC MEK Mole Fraction k/lit 7nol-'sec-1 log 10 
3k Temp/OK T- 
1 /K- 3,103 
is 0.000 0.097 1.987 288 3.472 
It 0.025 0.097 1.987 
If 0.050 0.095 1.978 
it 0.060 0.084 1.924 
25 0.000 0.198 2.297 298 3.356 
it 0.025 0.189 2.277 11 91 
It 0.050 0.177 2.248 
If 0.060 0.163 2.212 
35 0.000 0.374 2.573 308 3.247 
0.025 0.364 2.561 
0.050 0.345 2.538 
0.060 0.327 2.515 
Figure (106): Reaction in Aq? jeous-W: K Mixtures 
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4.5: Alkaline Hydrolysisof Methyl Acetate in Aqueous-Diglyme a Mixtures. 
The values of electrical conductance variation with time of the reaction 
between 60 ml of 0.01 M sodium hydroxide and 0.48 ml of 1.25 M methyl 
acetate in aqueous-diglyme mixtures at 15 oCb, 25 0C and 35 0C together with 
values for k are given in Tables C94)-(108). Values for log k, T, T- 
I, E, 
log A and AS* are shown in Tables C109) and C110). The graphs obtained on 
plotting these results are given in Figures (109)-(119). 
a: Diglyme is the abbreviation for diglYcOI methyl ether, and its chemical 
formula and names are respectively; 
CH 3-0-C"2- CH 2- O-CII 2 -CH 2- O-CH 3 and 
[bis (2-methoxethyl) ether] or [ethane, 1,1 oxybis (2-methoxy)] 
b: At 150C, since phase separation occurred in solution of 1.25 NI methyl 
acetate in 10 mole% of diglyme in aqueaas-diglyme mixture, the velocity 
constant was not determined. 
-iluu- 
Table (94): Reaction in 2.5 mole% Diglyneat 15 0 C. 
Time/SEC Conductance (10 mv) X-10 
3 X, 10 5 F (a-x). 10 
3 x '10 
2 
0 0.391 0 - 254 0 
55 0.375 16 29.1 238 6.7 
103 1 0.364 27 26.2 227 11.9 
151 0.354 37 24.5 217 17.1 
187 0.346 45 24.1 209 21.5 
246 0., 335 56 22.8 198 28.3 
295 0.327 64 21.7 190 33.7 
368 0.316 75 20.4 179 41.9 
438 0.306 85 19.4 169 50.3 
499 0.299 92 18.4 162 56.8 
583 0.290 101 17.3 153 66.0 
630 0.285 106 16.8 148 71.6 
703 0.278 113 16.1 141 80.1 
775 0.272 119 15.4 135 88.2 
859 0.265 126 14.7 128 98.4 
955 0.258 133 13.9 121 109.9 
1051 0.252 139 13.2 115 120.9 
CO 0.137 254 0 0 00 
(cell constant) = 0.36 Q- 
I 
cm 
-201- 
Table (95): Reaction in 2.5 mole% Diglyme'at'25 0 C. 
Time/SEC Conductance (10 mv) X-10 
3 x no 5 Ca-X). 10 3 _x .. 10 
2 
a-x 
0 0.427 0 - 272 0 
55 0.398 29 53 243 12 
79 0.388 39 49 233 17 
103 0.378 49 48 223 22 
139 0.365 62 45 210 30 
187 0.350 77 41 195 39 
247 0.333 94 38 178 s3 
331 0.314 113 34 159 71 
391 0.302 125 32 147 85 
451 0'. 296 131 29 141 93 
Sil 0.287 140 27 132 106 
583 0.277 iso 26 122 123 
739 0.262 165 22 107 154 
(» 0.155 272 0 0 Co 
K (cell constant) = 0.36 Q- 
1 
cm7' 
-202-- 
Table (96): Reaction in 2.5 mole% Diglyme at 3S 0 C. 
Time/SEC Conductance (10 MV) X010 
3 X. 10 5 t 
(a-x)-lo 3 x 010 
2 
a-x 
0 0.518 0 - 324 0 
48 0.465 53 110 271 20 
72 0.446 72 100 252 29 
96 0.429 89 93 235 38 
120 0.414 104 87 220 47 
144 0.401 117 81 207 57 
180 0,. 382 136 76 188 72 
216 0.368 ý50 69 174 86 
264 0.352 
1 
166 63 iss 105 
312 0.339 179 57 145 123 
348 0.330 188 54 136 138 
396 0,320 198 so 126 157 
444 0.311 207 47 117 177 
492 0.304 214 43 110 19S 
600 0.288 230 38 94 245 
660 0.282 236 36 88 268 
720 0.277 241 33 83 290 
840 0.268 250 30 74 338 
960 0.260 258 27 66 391 
CO 0.194 324 0 0 00 
K (cell constant) = 0.36 SI-1 cm-1 
Figure (109): Reaction in 2.5 mole% Diglyme. 
360 
10 3 
320 
280 
240 
200 
160 
120 
so 
40 
a= Initial Conc 0.0099 M 
G= Gradient 
k= Rate Const (G x a)- 
-2 
Temp/ 0C G/SEC' 
10 k/ 1 -1 lit mol sec 
is 0 8.667 0.117 
25 0 4.709 0.215 
1c, 0 2. S61 0.394 
X/t. los 
0 
20 40 60 80 100 120 
Figure (110): Reaction in 2.5 inole% Diglyme. 
400 
-- 
x 10 2 Ca-x) 
360 
320 
280 
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160 
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80 
40 
10- 
T/ (SEC) 
0 200 ' 400 600 goo 1000 1200 1400 
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Table (97): Reaction in 2.5 mole% Dialyme at different teM2-*ratures. 
Terp/ 0C No of Expt k/lit mol- 
1 
see- 
Averaie k-i 
k/lit mol- sec 
I 
is 0 1 
0.115 
2' 0.117 (a) 0.116 
3 0.116 Cb) 
25 0 1 0.215 Ca) 
It 2 0.213 Cb) 0.214 
it 3 0.213 
35 0 il 0.396 
2 0.397 (b) 0.396 
3 0.394 Ca) 
(a) The value of k obtained fror. the plot of x versus x/t and 
(ý) from the plot of x/Ca-x) versus t. 
-204- 
Table (98): Reaction in 5 mole% Diglyme at 15 0 C. 
Time/SEC Conductance clo mv) 
3 X610 x5 
T '10 
3 (a-x)-10 x2 
a-x 
10 
0 0.952 0 - 608 0 
40 0.924 28 70 580 4.8 
74 0.902 so 68 558 9.0 
98 0.887 65 66 S43 12.0 
146 0.861- 91 62 S17 17.6 
194 0.838 114 S9 494 23.1 
230 0.822 130 S7 478 27.2 
278 0.802 150 S4 4S8 32.8 
326 0.783 169 S2 439 38.9 
387 0.761 191 49 417 4S. 8 
4S9 0.738 214 47 394 S4.3 
S28 0.718 234 44 374 62.6 
S92 0.701 251 42 3S7 70.3 
6SO 0.687 265 41 343 77.3 
770 0.661 291 38 317 91.8 
878 0.641 311 3S 297 104.7 
998 0.621 331 33 277 119. s 
00 0.344 608 0 0 CO 
K Ccell constant)= 0.1 cm- 
1 Q- 
-205- 
'Table 
(99): Reaction in 5 mole% Diglyme at 250C. 
Time/SEC Conductance (10 mv) X410 
3 
I 
ý. 105 t 
Ca-x)- 10 3 x. l'O 2 
a-x 
0 1.096 
I 
0 - 662 0 
36 1.047 49 136 613 S 
72 1.007 89 124 573 16 
96 0.981 115 120 S47 21 
120 0.960 136 113 526 26 
156 0.930 166 106 496 33 
180 0.911 185 103 477 39 
216 0.885 211 98 451 47 
264 0.855 241 91 421 57 
300 0.835 261 87 401 6S 
360 0.806 290 81 372 78 
420 0.780 316 75 346 91 
492 0.753 343 70 319 108 
552 0.734 362 66 300 121 
624 0.713 383 61 279 137 
708 0.692 404 57 258 157 
780 0.676 420 54 242 174 
876 0.658 438 so 224 196 
1020 0.635 461 45 201 229 
1200 0.612 484 40 178 272 
00 0.434 662 0 0 C* 
K (cell constant) *= 0.1 Q- 
1 
cm-1 
-206- 
Table (100): Reaction in 5 mole% Diglyme at 350C. 
Time/SEC Conductance (10 nv) xplo 
3 X" 10 5 
t 
(a-X)-10 3 x, 10 2 
a-x - 
0 0.366 0 - 220 0 
39 0.335 31 79 189 16 
63 0.321 45 71 175 26 
87 0.310 56 64 164 34 
135 0.285 81 60 139 58 
171 0.274 92 54 128 72 
207 0.264 102 49 113 86 
24.33 0.255 ill 46 109 102 
279 0.248 118 42 102 116 
327 0.240 126 39 94 134 
387 0.231 135 35 85 159 
447 0.224 142 32 78 182 
507 0.218 148 29 72 206 
627 0.208 158 25 62 255 
747 0.201 165 22 55 300 
00 0.146 220 0 0 00 
K Ccell constant) = 0.36 SI-I cm-1 
480 : 
x. 10 
3 
440 
400 
360 
320 
280 
240 
200 
160 
120 
80 
40 
Figure (111): Reacticii in 5 mole% Diglyrae. 
K (cell const) - 
Jo- -P----10 -2 k /,. 
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x/t. 10 
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--- 4Q'J - 0' -- 
240 
x2 
(a-x) . 10 
220 
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80 
6C 
4( 
21 
Reaction in 5 Mole% 
Diglyme. 
) 
= 0.0099 M 
(G/a) 
0 k/l 
-1 lit mol sec 
0.119 
0.223 
0.412 
0 200 400 600 800 1000 
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Table (101): Reaction in 5 mole% Diglyme at diffeTent tempeTatures. 
Tenip/ 0c No of Expt k/lit mol- 
1 
see- 
1 Averaje k_ 
k/lit mol- see 
-150 1 0.119 
It 2 0.119 0.120 
3 0.122 (a) 
4 0.119 (b) 
25 0 1 0.223 
It 2 0.220 
it 3 0.226 0.222 
4 0.217 (a) 
5 0.222 Cb) 
35 0 1 0.415 
if 2 0.4 12 Cb 1 0.415 
if 3 0.418 Ca) 
(a) the value of k obtained from tile plot of x versus x/t and 
- of x/(a-x) versus t. (b) from the plot 
-208- 
Table C102): Reaction in 7.5 r. ole% Diglyme at ISOC. 
Time/SEC Conductance C10 niv) x 
10 3 X. 10 s T Ca-x) - 10 
3 x . 10 
2 
a-x 
0 0.678 0 - 390 0 
45 0.660 18 40 372 4.8 
82 0.647 31 38 359 8.6 
131 0.631 47 36 343 13.7 
172 0.620 58 34 332 17. S 
208 0.610 68 33 322 21.2 
244 0.600 78 32 312 2S. 0 
304 0.58s 93 31 297 31.3 
376 O. S68 110 29 280 39.3 
436 O. SS6 122 28 268 4S. S 
S32 O. S38 140 26 2SO S6.0 
638 O. S21 1S7 2S 2,333 67.4 
760 O. SO4 174 23 216 80.6 
844 0.494 184 22 206 89.3 
932 0.482 196 21 194 101.0 
1084 0.469 209 19 181 lls. 5 
1200 0.459 219 18 171 128.1 
co 0.288 390 0 0 00 
K (cell constant) = 0.1 Q-1 cm -1 
-2109- 
Table (103): Reaction in 7.5 mole% Digl e at 250C. 
Time/SEC Conductance clo mv) XMlO 
3 X. 10 5 T (a-x). 10 
3 x '10 
2 
a-x 
0 0.769 0 - 458 0 
44 0.728 41 93 417 10 
80 0.701 68 85 390 17 
116 
. 0.677 92 79 366 25 
164 0.649 120 73 338 36 
200 0.631 138 69 320 43 
224 0.620 149 67 309 48 
260 0.605 164 63 294 56 
296 0.591 178 60 280 64 
356 0.571 198 56 260 76 
392 0.560 209 53 249 84 
452 0.544 225 so 233 97 
Soo O. S33 236 47 222 106 
608 0.511 258 42 200 129 
704 0.495 274 39 184 149 
824 0.478 291 35 167 174 
1004 0.458 311 31 147 212 
CO 0.311 
-.. 
458 I- 0 
- .... 
0 
... ...... 
00 
....... 
K Ccell constant) = 0.1 il- 
1 
cm- 
-210- 
Table (104): Reaction in 7.5 mole% Diglyme at 35 0 C. 
Time/SEC Conductance (10 mv) 
3 
X. 10 x5 T . 10 Ca-x). 10 
2 
a, x . 
10 
0 0.268 0 - 148 0 
37 '0.249 19 51.4 129 15 
56 0.240 28 50.0 120 23 
86 0.230 38 44.2 110 35 
115 0.221 47 40.9 101 47 
155 0.211 57 36.8 91 63 
181 0.205 63 34.8 85 74 
204 0.201 67 32.8 81 83 
319 0.184 84 26.3 64 131 
343 0.132 86 25.1 62 139 
412 0.176 92 22.3 56 164 
439 0.173 95 21.6 53 179 
499 0.169 99 19.8 49 202 
619 0.163 105 17.0 43 244 
679 0.160 108 15.9 40 270 
919 0.152 116 12.6 32 363 
00 0.120 148 0 0 00 
K (cell constant) = 0.36 Q- 
I 
cm- 
Figure (113): Reaction in 7.. S_no_le*o Diglyme. 
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Figure (114): Reaction in 7.5 mole", o Diglyme 
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Table (105) : Reaction in 7.5 mole% Diglyme at differcnt temperatures. 
Temp/ 0c No of Expt k/lit mol-'sec- 
I Averaie k 
k/lit mol- Sec 
is 0 1 0.105 
11 2 0.106 0.106 
it 3 0.104 Ca) 
4 0.107 Cb) 
25 0 1 0.216 
11 2 0.216 0.216 
of 3 0.218 Ca) 
it 4. 0.215 (b) 
35 0 1 0.412 
11 2 0.405 
3 0.413 (4) 0.410 
4 0.408 Cb) 
Ca) the value of k obtained from the plot ofx versus x/t and 
(b) from the plot of x/Ca-x) versus t. 
-212- 
Table (106): Reaction in'10 mole% DigI)me at 2S 0 C. 
Time/SEC Conductance (10 mv) xslO 
3 X, 10 5 Ca-x), 10 3 x j. 02 
a-x 
0 0.600 0 314 0 
so 0.565 35 44 279 13 
116 0.551 49 42 265 18 
152 0.538 62 41 252 25 
188 0.526 74 39 240 31 
224 0.515 85 38 229 37 
272 0.5014, 98 36 216 45 
320 0.491 109 34 205 53 
380 0.478 122 32 192 64 
428 0.469 131 31 183 72 
512 0.456 144 28 170 85 
608 0.443 157 26 157 100 
704 0.432 168 24 146 115 
Soo 0.423 177 22 137 129 
00 0.286 
....... 
314 II 0 
... 
0 
..... ... . 
00 
K (cell constant) = 0.1 0' cm- 
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Table (107): Reaction in 10 mole% Diglyme at 35 0 C. 
Time/SEC Conductance (10 mv) .3 x 
10 X, 5 - 10 :F 
3 (a-x) -10 
»* x2 
u--10 x x 
0 0.207 0 - 105 0 
57 0.138 19 33 86 22 
81 0.182 25 31 80 31 
105 0.177 30 29 75 40 
141 0.170 37 26 63 54 
165 0.166 41 25 64 64 
201 0.161 46 23 59 78 
237 0.157 so 21 55 91 
321 0 . 149 58 18 47 123 
417 0.142 65 16 40 163 
537 0.135 72 13 33 218 
705 0.130 77 11 28 275 
Co 0.102 105 0 0 (» 
K (cell constant) = 0.36 SI- 
1 
CM-1 
Figure (11S): Reaction in 10 mole% Diglyme. 
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FigUre (. 116): Reaction in 10 mole% Digl)2iie. 
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Table (108): Reaction iii 10 mole% Digl)qre at'different temperatures. 
Temp/ 0C No of Expt k/lit mol -1 sec -1 
Averaie k 
k/lit mol- sec- 
25 0 1 0.163 
2 0.167 Cb) 0.166 
3 0.167 
35 0 1 0.391 
2 0.392 
3. 0.385 Ca) 0.390 
4 0.392 Cb) 
5 0.392- 
Ca) the value of k obtained from the plot of x versus x/t and 
'(b) from the plot of x/Ca-x) versus t. 
-215- 
Table (109): Reaction in Digl)nne-Water mixtures. 
Diglyme 
Mole 
Fraction 
00 
0 Temp/ C Temp/oK 3 T- 10 
3 k-10 
lit T1101 
I 
see -1 
jOg 103 k 
0.000 is 0 288 0 3.472 97 1.987 
0.025 11 it it 116 2.065 
0.050 It It it 120 2.079 
0.075 It it If 106 2.02S 
0.100 It It it - - 
0.000 25 0 298 3.356 198 2.297 
0.025 it it 214 2.330 
0.050 222 2.346 
0.075 216 2.335 
0.100 166 2.220 
0.000 35 0 308 3.247 374 2.573 
0.025 to If 396 2.598 
0.050 If if 415 2.618 
0.075 It If 410 2.613 
MOO 390 2.591 
Figure (117): Reaction in Diglýme-llater mixtures 
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Figure (119): Re-action in Diglýme-H 20 mixtures. 
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4.6: Summary of the Results of the Rate Measurements 
Figures (120)-(122) sumnarise the results of the -rate constant 
measurements and represent their dependence on the solvent composition. 
These values are for the velocity constant of reaction in the aqueous- 
organic mixtures of DMSO, dioxane, 14EK and diglyme at 15 0 C, 25 0C and 35 0 C. 
The composition of the various media are given in mole fraction C-x org) of 
the organic component. 
Figure (120): Alkaline hydrolysis of Methyl Acetate i! i 
Agueous-organic mixtures at 15 0 C. 
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Figure (121): Alkaline Hydrolysi of Meth 1 Ocetate in 
Agueous-organic mixt=es at 25 0 C. 
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Figure (122): Alkaline Hydrolysis of Methyl Acetate in 
Aqucous-organicmixtures at 35 0 C. 
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CHAPTER FIVE 
THE GAS-CIIROMATOGRAPHIC ACTIVITY 
COEFFICIENT DETERMINATION 
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The Determination of the Activity Coefficients of Methyl Acetate and 
Water in Aqucous-ýOrganic Solutions of Methyl Acetate by the 
Gas-Chromatographic Method. 
5.1: Introduction 
For any reaction 
A+ Bz=M 
* 
-ý- products (5-1) 
the activated complex theory gives the following expression for the rate of L 
reaction: 
-d 
EAl 
=k EA] [B] . 
YAYB 
dt 0 Ym* 
CS. 2) 
where k0 is the rate constant in a reference state. In the case of the present 
work the reference state is taken as the rate constant in aqueous solution (k W 
). 
Therefore the study of the rates of the reaction in aqueous-organic 
mixtures requires the values of the activity coefficients of all participating 
species in the alkaline hydrolysis of methyl, acetate. These activity 
coefficients can be divided into two categories, the activity coefficients of 
the non-electrolytes i. e. ester and water, and the activity coefficients of 
electrolytes i. e. 011- and M*. The former activity coefficients are investigated 
in this work by a gas-chromatographicmethod. CIt, is assurped that the organic 
solvent and the sodiun ion play no part in the reaction). 
Since the reaction solution system for the alkaline hydrolysis of methyl 
acetate in aqueous-organic mixtures contains four components, to determine 
each of the four relative activity coefficients, the thermodynamic properties 
of the four-cqm onent system should be investigated. .p 4> 
However, as the initial concentration of the sodium hydroxidd in the 
system is not more than 0.01 M Ci. e. x-0.0002) it can be assumed that the 
presence of the sodium hydroxide does not affect the values of y and 
H0 
y and therefore these values can be determined in the alkali-fTee solvents, 
E 
that is in the thre-e-coiponent system MeOAc/water/Organic solvent. Also the 
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two-component system MeOAc/wate-. can be taken as the reference state for the 
reaction, and the activity coefficients of methyl acetate and water can'be 
determined relative to their values in 0.01 M solution of methyl acetate in 
water. 
5.2: The Determination of Activity Coefficient-ý in Multicourponent Systerz 
Studies of the activity coefficients of liquid mixtures have in the 
main centTed upon two component mixtures. In the absence of sufficient data 
for thTe e -component syste=, me method of estimating activity coefficients 
of ternary systems has been to use data for the three separate binary 
liquid mixtures. 
C181-2) Prausnitz et al have discussed the use of e. xcess free energy 
function evaluated from binary data alone to describe the behaviour of 
mixtures of many components. However, much of the binary data available is 
for temperatures above ambient temperature since the type of data required 
is that associated with boiling point diagrams and distillation procedures. 
Such data that do exist for ambient temperatures are usually associated with 
liquid-liquid equilibrium, systems. 
Experimental methods of determining activity coefficients do exist. 
One method 
132 
which has been used to determine the activity coefficient of 
a solute in ternary mixtures is to be found in the distribution of a 
s ubstance between two solvent phases. This method is based upon the 
equilibrium between a solute and two immiscible solvents (Nernst distribution 
law). Cox 132 and his coworker measured the activity coefficients of ethyl 
acetate, acetal and t-butyl acetate in aqueous-MISO mixtures at'various 
temperatures. They determined the activity coeffIcients of the three solutes 
in -the. two-phase system cyclohexane/DNISO-water by dir-ect analysis for the 
solutes. However, this method, though simple, may not even at small solute 
mole fractions be consistent because of chemical interaction between the 
components of the mixture, and also departure from the Nernst law because of 
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effects such as dimerization 
182 
The development of gas-chTomatography CGCY has provided a new method 
for the determination of thermodynamically reliable data such as partition 
and activity coefficients and other -related functions for the character- 
isation of solute-solvent interactions. Originally these measurements were 
based on the determination of specific-retention volumes in columns in which 
the liquid phase used was the solvent in the mixture to be studied. However, 
this method is restricted to systems of volatile solutes at high dilution in 
an involatile solvent and because of this it has not been very useful as far 
as the whole range of the concentrations of a system is concerned. The 
application of this method to the determination of thermodynamic properties 
(183-4) 
has been studied and reviewed by many authors 
(185-190,104 
Recently gas chromatographic techniques 
I have been 
developed to evaluate thermodynamically relevant data for solvent-solute 
characterisation by scanning the total concentration range in binary and 
ternary liquid solution. These GC methods are reviewed in the next section. 
5.3: Review of Application of Gas-Chromatographic Analysis to the 
Ibermodynamics of Non-ideal Solutions. 
Arnikar 185 et al have described a method, which is applicable to 
a variety of solvent-solute combinations and for a wide range of concentrations. 
This method is based on Raoult's law, and principally a known volume of the 
saturated vapor of pure solvent is injected into a GC column and then the 
same volume of the vapor in equilibrium with a solution of known cmnposition 
under identical conditions is also injected into GC coltum. The signals for 
the component under study are measured. The ratio of the signal representing 
the composition of the vapouT above the solution and for that of the vapour 
above the pure solvent Cor the -reference state) is equated to the ratio of 
Pi /P i0 of the partial pressure 
CP of the ith component over the solution 
and (j? i0) in the pure 
liquid (or reference state). Ilius, on the basis of 
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Raoult's Law, the activity coefficient is obtained by 
p ilpio = Xi Yi (S. 3) 
where xi is the mole fraction of the ith component and yi is its activity 
coefficient. 
As the volumes of the vapours injected in the case of the pure 
component and of the solution are the samie and also at identical temperatures, 
then, assuming ideal gas behaviour, the amounts of the vapours must be 
proportional to their pressures, that is, ni-PI. Since the peal. areas 
(Ai, Ajo) are proportional to the amounts of the liquid injected, therefore 
A1 /A 
3.0 =Pi 
/P i0 CS. 4) 
and since Pi=Pi0 *Yi xi C5.5) 
thus yi = xi A. L/Alo (5.6) 
Equation (5.6) therefore implies that under identical conditions 
Cconstant T, V, ) the ratio of the peak areas gives the ratio of the activity 
of the component under study in solution to the activity of the component 
in the pure 1 iquid (or the reference state). In this method, the authors 
believe that the presence of the second or third component does not affect 
the measurements, because-the column separates the components involved. The 
colurn therefore, unlike the earlier methods 
(183-4) 
, Cwhen the solvent was 
the stationary phase) is used to separate the components of the mixture in 
the vapour and then measures the quantity of each particular component. 
Arnikar et al 
185 
. using this method, determined the activity coefficients 
for acetone-chloroform, methyl cyanide-carbon tetrachloride, carbondisulfide- 
n-pentane, and ca: rbondisulfide-diethylether systems. The experimental 
results were compared with those quoted in the literature and showed good 
agreement. The results for the activity coefficients of the acetone- 
chloroform and methyl cyanide-carbon tetrachloride systems at 30 0C are 
prese-ated in Table (111) for comparison. 
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Table (111): Activity Coefficients of Liquids in Binary Solutions. 
Acetone (l)- 
Chloroform C2) System 
Methyl Cyanide Cl)- 
Carbon tetrachloride C2) System 
Y, YJ Y2 Y2 Y, YJ Y2 Y2 
.x 2 Exptal Lit Ca) Ex-ptal LitC) 
XI) 
2 Exptal Lit 
(a) Exptal LitCa) 
0.20 0.97 0.97 0.63 0.63 0.20 1.02 1.09 3.24 3.00 
0.33 0.93 0.91 0.70 0.71 0.33 1.13 1.23 2.2S 2.20 
0.50 0.84 0.82 0.77 0.78 0.50 1.48 1.52 1.58 1.65 
0.67 0.70 0.70 0.87 0.83 0.67 1.91 2.10 1.28 1.32 
0.80 0.62 0.61 0.94 0.93 0.80 2.60 2.85 1.11 1.13 
(a) = references (191-192) 
186 - In 1971 Rao et al extended the above method to ternary systems. 
They determined the activity coefficients of the components in the 
carbondisulphide-n-pentane-diethyl ether system over a wide range of 
compositions. The application of the method to ternary system is believed 
186 
to be simple and can easily be adopted for the study of any multicomponent 
system of volatile liquids. 
Yager and coworker 
104 
used vapour-phase chromatography (VPC) to 
determine the relative activity of methyl acetate in methyl acetate-water- 
dioxane system . The method is basically the same as Arnikar's method 
185 
in which helium was bubbled through the solution and the saturated vapour 
then was passed to a5 ml gas-sampling valve of a gas-chromatograph. From 
the ratio of As /A w of 
the nethyl acetate peak areas in water-dioxane-MeOAc 
solutions (A S) and 
in the water-MeOAc systen, (A W) , 
the -relative activity of 
MeOAc Ca) was calculated. 
a=As /A w 
C5.7) 
Barrett and Stewart 
187 
also used a simplified Arnikar's method to 
obtain the activity coefficients for the acetone-chloroform system. 
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Although they used a syringe to remove the vapour from the saturated vapour 
in equilibrium with the solution, for injection which was, as they ment ioned, 
a crude saprpling method, their results were quite satisfactory. 7hey also 
used the method with the system benzene-toluene and were able to reaffirm 
its near ideal behaviour. 
138 
A similar gas chromatographic method was designed by Mohilner et al 
This method permits the direct measurement of the activities of neutral 
organic compounds in aqueous electrolyte solutions. The principle of the 
inethod is the measurement of the equilibrium partial vapour pressure of the 
organic compound in the solution. From the partial pressure and the vapour 
pressure of the pure liquid organic compound, at the same temperature, the 
activity may then be calculated. In fact, the method is similar to Arnikar's 
method, in which nitrogen is passed through the liquid, and the saturated 
vapour is injected into the gas chromatograph by a gas-sampling valve, and 
from the corresponding signals the activity coefficient is calculated. 
Mohilner et al also remarked that the method could be used to determine the 
complete activity-composition phase diagram of two-component mixtures of an 
organic compound and water. 
Kolb in a review of CC analysis of the vapours above. and 
in equilibrium with th e liquid mixture (CC head-space analysis), comments 
that the basic relationship of any quantitative head-space analysis is the. 
I 
proportionality of the obtained peak area (A, ) of a compound i to its 
partial vapour pressure CPi ) above the solution. This cap. be written as 
APICi (5.8) 
-where CI is t he calibration factor of the i th component, If the vapour 
pressure of the i th component can be determined for a mixture of known 
composition then usinCo., 
Px0 i yi i 
(5.9) 
the activity coefficient of the i th component may be determined, by the 
relationship - 
(5.10) 
- 22 5- 
Ibe value of C can be evaluated by determining the value of the peak area i 
for the pure component CA 
10 
A0 PO i 
thus Y-1 (5.12) iAi0 -X i 
Thus this method, as Kolb 
189 
put it, can be the method of choice for 
the purposes of determinin activity coefficients, which have a dominant 9 'A 
position in most thermodynamic calculations. 
Therefore Kolb 189 placed the solution to be investigated by head- 
space analysis in a glass bottle, and the bottle temperature was maintained 
constant thermostatically. After the equilibrium between the vapour and 
liquid phase was established, the vapour sample above the solution was 
withdrawn with a special electropneumatic dosing system, and transferred to 
the gas chromatograph. Kolb using this technique, investigated the solute- 
solvent systems of ethanol-n-heptane and chloroform-acetone. Then he used 
equation C5.12) and worked out the activity coefficients of the components 
in the systems. 
Kolb compared the experimental activity coefficients estimated by head- 
space analysis with those of published data for chloroform-acetone system 
(Figure (123)) and found that the two sets of values agreed satisfactorily. 
190 Finally, Monfort and Figueroa described a static method for the 
rapid measurement of thermodynamic data such as liquid vapour equilibrium 
data and activity coefficients in the liquid phase. Their design consisted 
of an equilibrium still, a enTomatograph and a gas-sampling valve device. 
The equilibTium pyrex still had a total volume of 28 cm containing 
approximately 7-9 cm 
3 
of the liquid which could be stir-red magnetically. 
The vapouT injection valve was designed by the authors and made from 
stainless steel. After vapour-liquid equilibrium had been attained, vapour 
from the equilibrium still was injected in the gas chTomatogTapb by means 
of the gas-sampling valve situated outside the still and the -resultant 
1.00 
. 80 
. 60 
40 
. 20 
. 20 . 40 . 60 . 80 1.00 
x (chloroform) 
Fl ure (123): System Chloroform (1) - acetone (2) at 36. S 
0 C. 
0 CC head-space analysis 
c3 Published values Cref. 198) 
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relevant areas noted. The authors used the methoul for isothermal vapour- 
liquid equilibrium data for several binary liquids: benzen--cyclohexane at 
40 0 C, ethyl alcohol- heptane at 30 
0 C, benzene-ethyl alcohol at 25 0C and 
tuolene-ethyl alcohol at 35 0 C. The obtained data were found to be 
thermodynamically constant. Their Gibbs-Duhem consistency test area ratios 
defined as 
R= 
(Area above x axis - Area below x axis] (5.13) 
[Area above x axis + Area below-x- axis-] 
of the Redlich-Kister plots 
190 
, and gave 0.004 
for the benzene-ethyl alcohol 
system and 0.02 for the other systems. Hence, the authors -regarded the 
method as a fast and efficient one in that an experimental point could be 
obtained in 30 minutes with only 7 cm 
3 
of sample. 
5.4: Experimental 
5.4.1: Theoretical and Principle 
The method used in this work is a modified form of Arnikar's 
185 
method. 
The method has proved popular and it has been used by many investigators 
recently 
C185-8) 
. The principle is to bubble an 
inert gas e. g. nitrogen, 
through the solution of known composition of the ternary system, which is 
kept in a thermostat at constant temperature. The gas thus saturated with 
the vapours of the solution is led through the gas-sampling valve of the 
gas chromatograph. Ilie vapours enclosed in the sarmpling-valve are then lea 
by the carrier gas into the column of the gas chroutatogTaph. The signals 
for the components involved in the system are then recorded. Similarly, the 
signals for the saturated vapours of the pure components Cor the reference 
liquid) are recorded. If Ai is the peal-, area for any component in the 
0 
vapour over the liquid mixture and Ai is the peak area for the vapour of 
the pure liquid, then 
Ai /A i0=ni 
/n 
i0 
CS. 14) 
where ni and ni 0 respectively TCPrCsent the amounts of the components injected 
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in the two cases as well as temperature are constant, then 
00 api /P i=Ai 
/A 
As equation C5.1S) indicates, the method can be used to determine both the 
absolute activity or relative activity of component i. 
The reasons why this method was used in this work were: 
(a) The method had been shown to be precise. 
(b) The experimental arrangement was relatively simple including 
temperature control. 
(c) The method could be used for any multicomponent systems. 
Cd) The parameter to be measured was ar. area under the GC trace or 
peak heights. 
"' 8- -21. 
5.4.2: Materials 
To purify methyl acetate, dioxane, methyl ethyl ketone, and diglyme, 
the procedures mentioned in Chapter 3 wore used. 
5.4.2.1: Water 
- The water used throughout the experiment was deionized waterP which 
was collected freshly on the day of use. 
5.4.2.2: Ethyl acetate (EtOAc) 
To purify EtOAc 
179 
a mixture of one litre of the commercial EtOAc 
(May and Baker Ltd., Laboratory Chemicals), 100 ml of acetic aAiydride and 
10 drops of concentrated sulphuric acid was refluxed for four hours and 
then fractionated. The distillate was shaken with 25 g of anhydrous 
potassium carbonate, filtered and redistilled. The final product had a 
boiling point of 77.1 0 C. 
5.4.2.3: Tetrahydrofuran 
Tetrahydrofuran (May aiid Baker Ltd. ) was distilled with -ferrous 
sulphate, the fraction boiling at 65.40C being collected. As the peroxide 
inhibitors were removed in the distillation, the tetrahydrofuran was 
stored in a cool dark cupboard. 
5.4.2.4-. Methanol 
Methanol (Wilkinson-Vickers Ltd. ) was distilled twice in an 80 cm 
colum packed with 1/8 inch Dixon gauze -rings. The distillate had a 
boiling point of 64.6 0 C. 
5.4.2.5: Ethanol 
In order to produce anhydrous alcohol from absolute alcohol, benzene 
0 was used to form a ternary azcot-rope benzene-ethiiaol-water, b. p. 64.86 C. 
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About 5% benzene was added to the alcohol. 11hen most of the water was 
rmeoved by distillation, the rate of the aqueous phase distillation 
decreased. When this stage was reached, the lower aqueous phase was 
withdrawn intermittently as it collected in the head. After the water was 
removed, the homogeneous benzene-ethanol azeotrope (b. p. 68.2,32.4% w 
ethanol) was distilled until benzene no longer separated upon dilution of the 
distillate with water. The remaining liquid was pure alcohol, boiling at 
78.10C. This was collected. 
5.4.2.6: Tertiary-Butyl Alcohol 
Tertiary butanol (BDH, Laboratory Chemicals) was refluxed first over 
calcium oxide and then distilled through an 80 cm column packedwith 1/8 inch 
L. Dixon gauze rings. After two crystalisations t-Butyl alcohol melting point 
was 25.5 0 C. This alcohol was crystalized repeatedly until it did not 
cause any further rise in the melting point. The purified product was 
protected from the moisture of the air during storage. 
5.4.2.7: Solutions of 1.25 M methylacetate in agueous -organic mixttires 
The activity coefficient determination was carried out using solution 
of 1.25 M methyl acetate in aqueous-organic mixtures. To make up these 
solutions, the required volume of methyl acetate C25 nil) was added to a 
250 ml, volumetric flask. The solution was then brought to the ma-rk with the 
solutions of aqueous-organic mixture of known mole fraction. 
All the liquids gave no other peak than that associated witk, the 
liquid when injected into the gas chromatograph. 
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5.4.3: -Apparatus 
5.4.3.1: 'Gas Chromatograph 
The gas chromatograph-used was a Perkin-Elmer Model F 17 (Perkin-Elmer 
Ltd., Beaconsfield, Buckinghamshire). This model was a highly versatile 
analytical Instrument, which was equipped with a wide variety of options 
and accessories. Due to the gas chromatograph design, it was possible to 
operate single or dual columns and also one could have a choice of several 
detector systems e. g. flame ionization and hot wire. Tie pneumatic controls 
I for the c arrier gas contained two units; - one produced a constant pressure 
supply; and the second one produced a constant flow supply to each column. 
Sample injection in theModel P 17 was carried out by the interchangeable 
N injectors which-could be used with columns of particular size. There were 
two sizes of column i. e. 3.2 mn, O. d and 6.4 vm o. d for packed column 
operation id the instrument. The injectors were in a controlled heater 
block which was also used to heat the ionization detector. The column oven 
of 280 mm diameter, inside which columns up to 228 mm in diameter could be 
fitted, ensured uniform heating of the columns. Accurate temperature 
control could be achieved by a low mass platinum resistance thermometer in 
the oven coupled to the electronic circuits. The oven temperature could 
be controlled to within 10C -There were two versions of the temperature 
control unit; one for isothermal operation and a second unit for programmed 
operation. 
As previously mentioned, the basic instrument could use various 
detectors e. g. hot wire CHWD) and flame ionization rP-ID). The hot wire 
detector consisted of four migsten-rhenium filaments placed in a stainless 
steel block, which was in an oven assembly in the instrument. The four 
filaments formed a bridge circuit and were connected to an electronic unit. 
Ite electronic unit hold the average temperature of the four filaments at 
a constant level. Me detector block tenTerature and the filament 
231 -4 - 
temperatures were set by the appropriate front panel controls. The instrument 
was also equipped with a flame ionization detector. This detector consisted 
basically of a small chamber in which a hydrogen-air flqne was used to 
ionize the sample components in the column carrier gas. The ionization 
current developed between a metal jet tip and a collector electrode was 
applied to the input of an amplifier and the signal from the amplifier could 
then be recorded. 
5.4.3.2: Gas-Sampling Valve 
The gas-sampling valve used was an accessory of the Model F 17 
Perkin-Elmer gas-chromatograph. Two gas-sampling valves were available; 
333 5 cm and 2 cm . The 5 cm one was used throughout the experiment. The 
Modell F 17 gas-sam. pling contained two sample loops. Depending on the 
position of the control knob, one loop was connected to the carrier gas 
stream and its contents were swept into the injection port and then into the 
column. The other loop was connected to the tube containing the streara of 
the vapour under study and was thus being filled with the vapour from the 
solution. By turning the control knob, the sample loop through which vapour 
had been passing was connected to the carrier gas stream and its contents 
were introduced into the column. 
5.4.3.3: Chromatographic Colum 
For the experiments involving the determination of the relative 
activities of water and methyl acetate in ternary mixtures, the chromato- 
graphic column was a1 meter length of 2.2 mm. ID stainless steel tubing 
packed with poropak Q. This packing is described 
194 
as cross linked 
polystyrene beads, which give outstanding separations of volatile compounds. 
Sharp, syimnetrical peaks and short retention times for water, alcohols and 
glycols have been f&md to be two of their outstanding characteristi cjý4 
Different types of poropak. columas are available, which give different -retention 
eharacteristics. Some retention tin. os of the Q -. type are , given in Table (112). 
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Table (112): Relative Retention Times of the Q Type of Poropack Column. 
TeIM 1750C 
,3 -1 Flow Rate of Carrier Gas = 25 cm min and FID detector (except water 
Sample Relative Retention Timc 
water 0.056 
methanol 0.127 
ethanol 0.218 
propylene oxide 0.314 
acetone 0.343 
methyl acetate 0.419 
5.4.3.4: The Liquid-Vapour EquilibTation System 
A block diagram of the apparatus in which the liquid-vapour 
equilibrium is established is shown in Figure (124). The system consists of 
two bottles E1 and E 2' where at the bottom of each tube 
inside the bottles a 
sinter is fitted to disperse the inert gas (hydrogen), passing through the 
liquids into very fine bubbles. The bottles are placed in a 30 
0C and 250C 
water-bath thermostat.. The purpose of bottle E1 in the first thermostat is 
to presaturate the inert gas with solution vapour at a slightly higher 
tmeperature than the desiTed tempeTatuTe (i. e. of E2), so that, on passing 
thTough 4ý6he second bottle (E 2) the vapour will come to equilibTium with 
the liquid sample, without changing perceptibly the composition of that 
sample. 7"ne gas stream therefore becomes saturated with the vapours of the 
components of the liquid mixture at the partial pressure corresponding to 
the experimental tempeTature, 2S 0 C. Bottle E2 is then connected to tube (L). 
Tube k carries diluent gas to dilut-e the saturated vapour over the solution 
coming to tube (L", to prevent condensation occuring which would result in j 
an invalid determination. The saturated inert gas stream is diluted by 
passing an equal amount of the inert gas at point (L). The dilution factor 
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is precisely 0-5, having been checked using two needle valves C1 and C 21 and 
monitored by two flowmeters D and D so that the flow of gas in each 1 21 0 
stream is identical. The diluted gas is then passed into the GC to be analysed. 
5.4.3.4.1: Rotameters 
In order to measure and in fact control the flow rate of the gas which 
was used to bubble through the solutions under study, and the flow rate of 
diluent gas, two flowmeters (Precision Bore Flowrator Tube No FP 1/16-80-G- 
5136) were used. These were convenient devices for the purpose. The rotameters 
were first calibrated by a soap bubble flowmeter which was also used, to measure 
the flow rate of the carrier gas passing -I. hrouo,., h the column in the gas chromat- Cý 
ograph. Table (113) shows the readings of the rotameters,. CD, and D2) against 
the time taken for the flow of 10 ml of the gas in the soap bubb. le flowmeter. 
Figure (125) represents these variations graplaically. 
Table (113): Calibration of the Rotameters with the Soap 
Bubble Flowmeter. 
(D CD2) 
Rotameter 
Time taken for 
the flow of 10 
Rotameter 
Time taken for 
the flow of 10 
Readings ml gas 
Readings ml gas 
2.7 33 2.7 30 
2.8 27 2.8 26 
2.9 24 3.0 22 
3.4 19 3.1 21 
3.7 is 3.2 20 
4.2 11 3.5 17 
4.3 12 3.5 16 
5.0 8 3.9 12 
6.0 6 4.3 10 
4.9 7 
8.0 
7.0 
6.0 
5.0 
Rotameter 
Readings 4.0 
3.0 
2.0 
1.0 
Figure (125): Calibration of the Rotalneters. 
Time/(10 ml/SEC) 
08 16 24 32 
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5.4.3.4.2: The Needla Valves 
To achieve better control of the gas flow through the solution, two 
needle valves were used. These valves facilitated the division of gas flow 
into the two streams, the main stream, through E2 and the diluent stream 
through tube k. Teflon tubing was also used in the experimental 
arrangement. Since absorbtion was observed to occur on to the walls of 
other inaterials (e. g. PVC) which could invalidate the measurement- Teflon 
was the only material to give consistent results. 
5.4.3.5: Recorder 
In order to obtain the chromatograpi, the output signal from the 
detector was recorded by a Honeywell recorder (Honeywell-Brown Ltd. ). This 
instrument uses a potentiometer measuring circuit and can be actuated by any 
instrument which produces a suitable d-c millivolt output. 711e recorder 
sensitivity was of I mv for full-scale deflection. 
-235- 
S. S: Procedure 
7'he sample of the solutions under study were placed in bottles E and 11 
E 2* Hydrogen gas, after passing through a 
drying tube containing calcium 
chloride (CaCl 21' was bubbled from a cylinder at a rate of 
3o mllmin (a 
reading of 3.1 on each flowmeter) through the two liquids in the bottles. 
The bottles containing the samples were respectively in 30 0 and 25 
0C 
water- 
bath thermostats. Then the diluted vapours, prepared in tube CL), were 
injected into the column of the GC by the gas-sampling valve. 
A column of I metre length of 2.2 mm ID stainless steel tubing packed 
with poropak- Q was used to separate the components. A hot wire detector was 
used for all. systems except the MeOAc-water-MeCH system, where the flame 
ionization detector (FID) was used. 
Injector port, detector and ov-en temperature were maintained at 200 02 
450 0 and 180 0C respectively. The hydrogen flow rate through the gas 
chromatograph while not sampling, was held at 85 ml/min. 
7'he gas-sampling valve of 5 cm 
3 
was used in the experiment. This 
contained two loops. Depending on the position of the control knob, one 
loop was being filled with the vapour from the solution, while the other 
connected -the hydrogen carrier gas to the GC. Injection was carried out by 
turning the control knob, allowing 5 cm 
3 
of gas sample from the apparatus 
to be swept into the GC. This allowed measurements on the samples to be 
made at small time internals C- 10 minutes). The signals due to the 
various components in the vapour were traced by the recorder. The 
experimental determinations were carried out using mixtures of different 
components and of pure component. 
The vapour analysis was carried out for two -types of systems; binary 
systems of WON -water and EtOAC-water, and ternary systems of 1.25 M, methyl 
acetate in various mole percentages of aqueous organic mixtures of dioxane, 
-9 
DMSO, IEK, diglyme, 11-IF, methanol, ethanol and t-butyl alcohol. Also 
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similar experiments were carried out for 0.5 M EtOAC in aqueous-DMSO 
solution mixtures. 
The conditions described above were applied for all the systems except 
for the system of MeOAC-water-MoCH mixtures. In this case, the flame 
ionization detector was employed and nitrogen gas, instead of hydrogen, was 
used to bubble through the solutions with a flow rate of 40 ml/min Ca 
reading of 3.6 on each floivnmeter). The saturated vapours, like the other 
systems, were diluted by a factor of 2 and the stream of the diluted vapours 
were injected in-to the column. 
The flame ionization detector does not respond to water and thus only 
the activity coefficient of methyl acetate in the MeoAc/water/MeOH system 
was determined. 
A typical gas chromatogram of the saturated vapour of 1.25 M 
methyl acetate in 20 mole% of aqueous-dioxane solution at 25 
0C is shown in 
FiguTe (126). 
u 
-t 
Ln 
1.4 
0 t4 
cii 
0 
8 
-*- Time 
Figiire (126): Typical Gas Chromatogram of the Saturat6d Vapour l. '25 M*VLiO., kc 
in 0.20 mole fraction of aque6us dioxane at 25 0 C. 
Attenuation for water = 64 
Attenuation for MeOAc = 256 
Attenuation for dioxane = 32 
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5.6: Calculation 
The GC peaks were sharp, well defined, and symmetrical. Because'of 
this peak heights were used as a measure of quantities of the various 
components instead of the peak areas. 
Therefore, in the binary mixtures of partially miscible systems of 
MeOAc-water and EtOAc-water, the equation 
h1 
ai = yj xi = --h-u- 
i 
(5.16) 
was used to estimate the activities of the esters and those of water. In 
equation (5.16) hi is the peak height for the component in the vapour over 
Cor the reference state). the solution and hio is that for the pure component ' 
Since the vapours analysis was carried out to investigate the changes 
of the activity coefficients of the -reacting species of the alkaline 
hydrolysis of MeOAC and EtOfic in various aqueous-oTganic mixtures relative 
to aqueous solution, and it is common to use the molar concentrations of the 
species in the experim. ental determination of the rates of -reaction, equation 
(5.17) can be written as 
ai = yj lCil CS. 17) 
where Ci is the molar concentration of the species and yi represents the 
non-ideality of the solution. 
As mentioned previously, taking the aqueous solution of methyl acetate 
as the reference state in determining the relative activity coefficients ok 
water and methyl acetate in the ternary mixtures of 1.25 M MeOPC in 
aqueous organic solutions, equation (5.17) is used as the basis of all 
estimations as 
folAows: 
5.6.1: Ester -relative activity coefficient 
According to equation CS. 17) the activity of the ester in the binary 
system of aqueous solution can be writ-Iten as: 
p2 
ey0- -e,. - CS. 18) 0 
[E] 
p 0 
C 
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where ae is the ester activity, JE] its molar concentration, yo is the ester 0 
2 
activity coefficient, Pe is the partial vapour pressure of ester in the 
binary mixture and Pe 0 is the vapour pressure of pure MeOAc (the reference 
state is pure MoOAc). 
Equation CS. 18), for the ternary systems containing the same molar 
concentration of the ester, is written as; 
.epe3 
a. = JE] y=- Ii T) 0 
CS. 19) 
x3 
where a? is ester actf-vity, y ester activity coefficient, and P the Iie 
partial vapour pressure of the ester in the ternary liquid system. 
Assuming y0, in equation CS. 18), equal to unity for the reference 
state, and combining equations (5.18) and CS. 19), 
.p3 yi = pe e 
since P3 /P 
9=h3 /h 2 
ee3ee 
h 
thus yie2 
CS. 20) 
(5.21) 
(5.22) 
V32 
Thus according to equation (S. 22), the ratio hee will give the 
activity coefficient of the ester in any ternary solution relative to its 
value in the 1.25 M reference binary solution. 
5.6.2: Water relative activity coefficient 
As in the case of ester, the relative activity coefficient of water 
in the ternary mixtures relative to aqueous-ester solution system, is 
given by the following treatment: 
w The activity of water Ca 0) 
in MeOAC-water liquid system is. given by: 
wp2 
a0= IWO] YO =w C5.23) 
p0 
w 
where [w ] is the molar concentration of water and y* is the activity 00 
coefficient of water in aqueous-ester solution system. In equation (5.23) 
P2 represents the partial pressure of water vap, our over the binary mixture w 
0 of water-ester and PW is the vapour pressure of pure water. 
the yi tem is obtained as: 
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In the case of the ternary mixtures of ester-water-organic solutions, 
activity of water Ca w) is written as: 
w .0iPw3 a, = (Wi I Yi =- (5.24) 
pw0 
In equation (S. 24) [wi] is the molar concentration of water and Yi 
3 is the activity coefficient of water in the ternary mixture. PW 
represents the partial vapour pressure of water over the ternary system. If 
the aqueous-ester solution is taken as the reference state, y in equation 0 
(5.23) will be equal to unity. In addition, by combining equations CS. 23) 
and (5.24) the following equations are obtained: 
yi 
0 
-[7jT * 
If 
p2 
CS. 25) 
P3 h3 
w 
since w T2 
w 
7 CS . '2 6) 
w w 
] [w 3 h 
hence y i 
o 
r -- T w 
W. "2 CS. 27) 
i 
w 
3 
where bý 
2 
and ý, are respectively the peak heights for water in the vapour 
over the ternary and binary solutions. 
Equation (5.27) was, then applied to determine the relative activity 
coefficient of water in the system of water-ester-organic mixtures. 
All the -results for the relative activity coefficients of the ester 
and water are shown in the tables in the next chapter (Chapter 6). 
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5.7: Testing Self-Consistency of Activity Data 
In spite of the success of the technique described above, it would be 
unwise not to mention the Gibbs-Duhem equation in any treatment of activity 
coefficient data. The Gibbs-Duhem equation interrelates the activities of 
all components in a system. Therefore, the available data should obey 
the equation or the modified forms of the equation. This test for thermo- 
dynamic consistency Cor self-consistency test) for experimental data is 
considered as follows: 
5.7.1: The binary mixtures 
Herington, Redlich and Kister 
182 have suggested that data be tested 
by applying the relation 
,7X, 
in Cyl/'y2 ) dxl =0 
x1=0 
C5.28) 
where Y, and Y2 are respectively the activity coefficients of the coinponents 
1 and 2 in the system, and x1 is the mole fraction of component 1. Fron 
the available data, the plot of In Y l/Y2 against X, gives the positive and 
negative areas over and under thex 1 axis, which, if the 
data are consistent 
with the Gibbs-Duhem equation, the two areas will be equal. 
The second method is to apply equation 
d In a2x1d ln aI 
- dx 1x2 dx 1 
(5.29)- 
where aI and a2 are the components activities and xI andýx 2 are their 
mole fractions. Equation (5.29), which is a form of the Gibbs-DWlem 
equation, enables the values of aI and a2 in a binary system to be tested 
graphically, poiDt by point, at various mole fractions of component I. 
In the case of partially miscible binary systems of MeOAc-water and 
EtOAc-water, the first method can not be used because, as pointed out, the 
systems are partially miscible and the experiment was carried out in very 
dilute solutions of -the esters in water (the range of composition for MeOh 
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was 0<x<0.024 and for EtOAc was 0 "< x<0.011). Therefore, the second 
nothod was applied. 
'19) indicates, To carry out the self-consistency test, as equation (S.. 
the plots of lna 1 and ln a2 against xI were prepared from Tables 
C114) and 
(115). Taking the subscript 1 for the esters and subscript 2 for the 
water in the system, the values of d ln a1 /d x1 were graphically determined 
and multiplied by the ratios of x 1/x2 as it is shown in Tables (116) and 
C117). For the graphical differentiation of d In a /d xl, that is for 4> 2 
water, the very small range of the ester composition in the two systems 
riade the graphical differentiation very narrow and therefore the value of 
d In a2 /d x, was so small that tho percentage of the error involved in 
calculation was considered to be very large. In other words, since the 
esters in aqueous solution were very dilute an inherent difficulty 
existed in applying the Gibbs-Duhem equation Cequation (5.29)). Super- 
ficially, as it is shown in Table C116), the binary data of MeOAc-water 
system are thermodynamically consistent. 
Table (114): 'Experimental activities 
, 
of 0 
MeOAc 
for the binary system MeOAc/water at 25 C. 
and water 
MeOAc conc. 
(Mole/lit) x1 a1 a2 ln a1 ln a2 
0.00 0.000 0.000 1.000 - 0.000 
0.25 0.005 0.136 1.000 -1.995 0.000 
0.50 0.009 0.259 0.994 -1.351 -0.006 
0.75 0.014 0.379 1.000 -0.970 0.000 
1.25 0.024 0.571 0.976 -0.560 -0.024 
pure MeOAc 1.000 1.000 0.000 0.000 - 
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Table (115): Experimental activities of EtOAc (1)'and 
water (2) for the binary system EtOAc/water ai"2ýSC. 
EtOAc conc 
(Mole/lit) x 1 a 1 a 2 ln a 1 ln a 2 
0.00 0.000 0.000 1.000 - 0.000 
0.15 0.003 0.250 1.000 -1.386 0.000 
0.30 0.006 0.469 1.000 -0.757 0.000 
0.45 0.008 0.663 0.976 -0.411 -0.024 
0.60 0.011 0.856 0.951 -0.155 -0.050 
pure EtOAc 1.000 1.000 0.000 0.000 - 
Table (116): The consisten 
water (2) at 25-C. 
test for the binary system MeMe jQ- 
x 1 
Graphical values of 
d In a1 /dx I x2 
x 1. d In a1 
x2 dx 1 
-Graphical 
values of 
d In a2 /dx 1 
0.008 3.44/0.0291 = 118.2 0.008/0.992 -0.95 -1.0 C7) 
0.012 3.08/0.0398 = 77.4 0.012/0.988 -0.94 -0.9 (6) 
0.016 2.14/0.0424 = 50.5 0.016/0.984 -0.82' -0.8 (0) 
0.020 1.63/0.0457 = 35.7 0.020/0.980 -0.73 -0.7 (1) 
0.024 1.16/0.0476 = 24.4 0.024/0.976 -0.60 -o. 5 C4). 
In the case of EtOAc-water system, the ester composition was even less 
than MeOAc (0 <x<0.011), and therefore the graphical determination of 
d lu a2 /dx I was almost impossible. 
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Table (117): The graphical values of dna, /dx, for the binary 
_L ;. -I 
system EtOAc (l)-water (2) at 250C. 
Graphical values of x1 xd 
ln a 
x 1 d ln al/d x 1. x2 x2 dx 1 
0.003 1.63/0.0057 = 286.0 0.003/0.997 -0.86 
0.005. 1.61/0.0097 = 166.0 0.005/0.995 -0.83 
0.007 1.42/0.0117 = 121.4 0.007/0.993 -0.86 
0.009 1.22/0.0131 = 93.1 0.009/0.991 -0.85 
0.011 1.06/0.0138 = 76.8 0.011/0.989 -0.85 
The calculations in Table (117) show that almost any value for a 
(EtOAc) would be consistent with the value of a2 (water) because the slopA- 
of the graph of ln aI versus x1 has to be multiplied by a factor less than 
11/989 (for a 0.011 mole fraction of EtOAc) which gives variations for 
values for the gradient of the graph of ln a2 versus xI which are much less 
than the exTerimental error. Therefore, unfortunately, these -results are 
unable to be checked by the consistency test. 
Figures (127) and (128) illustrate the plots of logarithms of esters 
and water activities against the mole fraction of the esters. 
5.7.2: The ternary systems 
Herington (195-6) has proposed two methodr for testing the consistency 
195 
of ternary vapour-liquid equilibrium data. In the first method Herington 
initially TeaTranges the Gibbs-Duhem equation, keeping xB /(x B+X C) 
constant, i. e. xB /XC =X (a constont) and inserts this condition into the 
Gibbs-Duhem equation yell ing 
x CdElog (YC'. YA) +X log 
(. YB"fA)l 
C5.30) 
dx dx cxcx 
According to equation (S. 30) the slope of the curve 
log (YC'YA) +X log (I'B/Y, ", L) 
plotted against xC must be opposite in sign to that 
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of log yA plotted against xC. Thus equation (5.30) provides a rough self- 
consistency test of the data providing the parameter X remains constant. 
Secondly, Herington 196 for a useful quantitative tes t uses the excess 
free energy of mixing CAG 
E) 
and the Gibbs-Duhem equation applicable to 
isothermal data, and derives some fundamental equations (Equations 
(5.32) and C5.33)) which are applicable to a ternary system for a series of 
values at a const-, qnt value of x BICx B+ xC). 
These equations aTe: 
and 
or 
1. [AG E /(, + ý), = 
1/ (1 +X) - Yc YB 1 
ln +X1n dxc RT 111: iý , Of AAT. X 
1 [AG E/ (1 + X) RT J/Cl + X)] ý 
CxB ln YB + xC ln yC) with xC =1 
1/(l + X) 
=f ln (y C/YB ) dx(: 0 
(5.31) 
(5.32) 
(5.33) 
Therefore the use of equation C5.31) with C5.32) or of (5.31) with 
(5.33) allows the comparison of the ternary data with binary data for 
consistency. In other words the above equations indicate that the areas 
corresponding to the integral on the right-hand side of equation CS. 31) for 
a series of values of xB /(x B+x. ) and the Tight-hand side of equation 
CS. 32). 
or (5.33) for the binary data should be equal. 
Since this procedure is for a ternary liquid system, in which the 
whole ternary data are available so that the determintation of a series of 
constant values of the aprameter xBI(xB + xC) would be possible, and as 
the GC data are for a limited range of composition, this method can not be 
used to test the data in this work. 
181 
The second method is the symmetrical-area tests . According to 
this procedure, if data on a teniary system are available, a series of 
liquid compositions lying on a line such that In 'ýA has a constant value 
for all. liquid compositions on ihe line are detennined. Thus the general 
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equatim 
xAd ln- YA + XB d ln YB + xC d ln yC=0 CS. 34) 
then reduces to 
XB d In YB + XC d In *y C=0 
(5.35) 
Therefore the integration of equation (5.35) along the constant 
composition line can be performed and for a -restricted range of the liquid 
system compositon a symmetrical area test can be carried out. 
As the GC determination of activity coefficients were not carried out 
fOT complete liquid systems, this method again can not be applied to test 
the available data. 
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5.8: Corparison with othet Works. 
The two systems able to be compared with published data are the binary 
system MeOAc-water and the teniary system McOAc/water/dioxane. 
Figure (129) gives a comparison between the experimental activities of 
water and MeoAc (see Chapter 6) in the MeOAc/water system at 25 
0C and 
published data 
197 
at the same temperature. The GC data for the system 
show a good correlation with those quoted in literature. In fact, the 
values of activities of water are in a quite satisfactory agreement. The 
results for MeOAc in the present work show an identical trend but have 
slightly higher values. 
The results obtained with the GC method for MeOAc/wateT/dioxane 
system Cat 25 0 C, Figure (130)), that is the activity of T4eOAc relative to 
aqLýeous-MeOAc solution are, in general, in good agreement with those 
determined by the VPC (vapour-phase chromatographic) method at 35 
0C by Yager 104 
and his coworker. Both are presented in Figure C130) for comparison. As 
it is seen from Figure (130) the results in the present work whow a 
maximum (at 5 vol% of dioxane) in the -relative activities of MeOAc in 
the ternary liquid system. A similar maximum has been found in the 
kinetics of the alkaline hydrolysis of esters, which again is accentuated 
at lower temperatures. 
Further, determinations on each liquid system were made in at least 
triplicate and the peak heights of the several chromatograms obtained for 
methyl acetate and water varied less than 3%. 
Figure (129): MeOkt-H 2 Osystem at 25 
0 C. 
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Figure (130): Relative activity of MeOAc in aqueous-dioxare (as/a 11,2). z 
01.25 M MeOAC at 25 0 C. This work. 
X 10 vol% MeOAC at 35 0 C. (ref-104) 
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CHAPTER SIX 
RESULTS: THE GiC DETEPIMIN, ", TION OF MTHYL ACETATE AND 
WATER ACTIVITIES AND ACTIVITY COEFFICIENTS IN 
AQUEOUS-ORGANIC MIXTURES AT 25 0 C. 
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Methyl Acetate and Water Activity Coefficients. 
The CC peak height values for methyl acetate and water in the methyl 
acetate-water system, end those for ethyl acetate and water in the ethyl 
acetate-water system together with the values for the activities of the 
esters and water in the two component systems are g,. ven in Tables C118) 
and (119) -respectively. Figure (131) shows the plots of the activities 
of the esters and water against the ester concentration. 
Tables (120)-CI28) also give the values of tho peWk heights for methyl 
acetate-water-organic solvent systems, together with the obtained data for 
-the activity coefficients of methyl acetate and water, (Talble (121d) shows 
similar values for ethyl acetate-water-DMSO mixtures). The graphs 
obtained on plotting the activity coefficients of water and the ester in 
the ester-water-organic solvent systems are given in Figures C1132)-(139). 
In addition, in Figure (140) all the values for the relative activity 
coefficients of methyl acetate are plotted as a function of the composition 
of the organic solvent. 
w Finally, the values a. referring to the relative activity of water in 
solutions of 1.25 M methyl acetate in aqueous-organic mixtures to 1.25 M 
solution of methyl acetate in water are given in Table (129). These are 
plotted against the mole fraction of the organic solvent in Figure C1421. 
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Table (118): Methyl Acetate and Water Activities in IVa+. e*r-Methyl Acetate 
System at 25 0 C. I 
Methyl acetate 
Conc 
mol/lit 
Methyl acetate 
Peak height* 
[cm] 
Water 
Peak height 
[cm] 
Methyl acetate 
Activity 
Water 
Activity 
0.00 164 x 64 0.000 1.000 
0.25 76 x 128 82 x 128 0.136 1.000 
0.50 145 x 128 81 x 128 0.259 0.994 
0.75 106 x 256 41 x 256 0.379 1.000 
1.25 160 x 256 40 x 256 0.571 0.976 
pure MeOAd 140 x 512 1.000 0.000 
* Peak height = (Recorder signal height)-Cinstrument attenuation) 
Table (119): Ethyl Acetate and Water Activities in Water-Etýyl Acetate 
System at 25 0 C. 
Ethyl acetate 
Conc 
Mol/lit 
Ethyl acetate 
Peak height 
[cm] 
Water 
Peal-, height 
[cm] - 
Ethyl acetate 
Activity 
Water 
Activity 
0.00 82 128 0.000 1.000 
0.15 40 x 128 82 128 0.250 1.000 
0.30 75 x 128 82 x 128 0.469 1.000 
0.45 106 x 128 80 x 128 0.663 0.976 
0.60 137 x 128 78 x 128 0.856 0.951 
pure EtOAc 80 x 256 7 1.000 0.000 
Figure (131): Ester and Water Activities in 
Methyl Acetate-Water System 
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Table (126): Relative Activity Coefficient*of Methyl Acetate in 
Water-Methyl Acetate-Methanol Mixtures at 25 0 C, (1.25 M Md-thyl 
Acetate in Aqueous-Methanol'Mixtures). 
x 
MeOH 
in 
Water-MeOff 
M-ethyl Acetate 
Peak height 
[cm] 
MeOH 
Peak height 
[cm] 
. ....... 
Methyl Acetate 
Activity Coeff. 
.. 
0.000 179 x 256 1.000 
0.025 176 x 21, x 256 0.983 
0.050 172 x -37 x 0.961 
0.100 161 x 63 x 0.899 
0.150 151 x 85 x 0.844 
0.200 139 x 103 x 0.777 
Pure MeOH peak height = 111 x 512 [cm]. 
Figure (137): Relative Activity COefficient of Methyl 
Acetate in'4queous-Methanol Mixtures at 25 0 C. 
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Table (129): Relative Activities* of Water aý in Solutions of 1.25 M 
Methyl Acetate in Aqueous'Mixtureg'of Dioxane (1), DMSO (2), THF (3), 
Diglyme (4), ýM-K (5), '--E-thanol (6) and tert-Butanol (7) at_250C. 
x 
organic aw 
Cl) 
r aý 
C2) 
r aw 
(3) 
r aý 
C4) 
r aw 
(5) 
r aw 
(6) 
r aw 
(7) 
r 
9.000 1.000 . 1.000 LCOO 1.000 1.000 
1.000 1.000 
0 . 01215 0.959 1 
0.025 0.953 - - 0.977 0.935 0.882 0.894 
0.050 0.912 1.012 1.041 0.953 0.912 0.924 0.882 
0.055 - - - - 0.888 - - 
0.060 - 0.865 
0.075 - - - 0.924 - - - 
0.100 0.882 0.977 1.071 0.912 0.906 0.847 
0.125 - 1.071 - - - 
0.150 0.900 0.895 1.106 0.882 0.871 
0.200 0.906 0.873 - 
. 
0.894 
..... 
0.924 
. ... 
The aw values were calculated using the equation 
wr3 a [w Y, h ww aT=aw- Lwoj Ty 
0w 
where all the terms in this equation have been defined in Chapter 5 
(section 5.6.2). 
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CHAPTER SEVEN 
DISCUSSIONS AND CONCLUSIONS 
-261- 
Secti6n (1): Int-roductorv Discussion 
I. 7.1.1f'IntToduction 
In this section the assumptions made by the prevailing electrostatic 
thCOTies on the effect of dielectric constant of aqueous-organic mixtures 
on the rate of ion-molecule reactions in general, and on the alkaline and 
acid-catalysed hydrolysis of esters, and the acid inversion of sucrose in 
particular, will be dixcussed. These assumptions for the Laidler mid 
Eyring (6,18) approach are: 
Ca) Firstly, in all prevailing theorles it is assumed that the non- 
electrostatic effects were unimportant, and also that the activity coefficient 
of the non-electrolyte, the ester, was unimportant, 
Cb) secondly, that the most convenient way to deal with the ionic 
strength effect was to extrapolate to zero ionic strength, and 
Cc) thirdly that the activated complex did not. involve at least one 
. molecule of water, 
i. e. water was not a reactant. 
For the Amis and Jaffe theOTYC6,63) , the problem of the changing 
sign of the ionic reactant and its effect on the rate of the reaction will 
be discussed. 
-262- 
7.1.2: The Electrostatic Equations 
'rhe prevailing electrostatic equations which have been applied to 
interpret the effect of solvent on the rate of reactions are the equations 
of Laidler and Ey-ring 
(6,18) 
, Amis and Jaffe 
(6,63) 'Amis 6, LaidleT and 
Linskroener 
107 
and the Hughes and Ingold 
26 
qualitative theory. 7hese 
correlations, except for the Laidler-LanskToener correlation, have 
been 
discussed in the first chapter. In the present chapter a further look into 
the above equations will enable some problems which have existed 
in the 
application of these equations to be overcome. 
7.1.2.1: The Laidler and Eyringg Eq ation 
The Laidler and Eyring equation 
C6,18) 
, at zero ionic strength, 
for 
the ion-molecule reaction 
*Zh 
AZA + BOz----M -* products 
is written as 
C7.1) 
,2 PB Do-ý. l 
In k= In ko + 2kT 3 ', 2Do + 11 
+ 
ID A+%- 'D M*A 
1ýi Ta 
tT C7.2) 
Equation (7.2) has been tested for ion-molecule reactons, assuming 
hat t, the last term, the non-electrostatic term is zero. In addition, since 
the third term indicates a slight influence of the solvent of high 
dielectric constant on the neutral molecule (B*), it has often been taken 
to be zero. Thus the equation has been simplified to 
Z2e2 
In k= In ko +A 1) 2kT D (7.3) rA 3: M 
According to equation (7.3), the only effect which is brought about 
by the solvent is that of a purely dielectric effect of the medium on the 
ionic species of the reaction; i. e. A and M Therefore other effects 
i. e. the effect of solvent on the neutral molecule and nonelectrostatic 
-263- 
effects have been ignored. Since for the alkaline hydrolysis of methyl 
acetate the values of all terms in equation (7.2) are available (with the 
exception of the non-electrostatic terms ýý and ý'#), then it is A' BM 
possible to investigate the relative magnitudes of (a) the charged ion term, 
zA2e2111 
r r. AM 
(b) the ionic atmosphere term, 
z2e2 
x-' 
2DkT + a. x) 
1 
(c) the molacul---dipolar term, 
2 
IIB Do 
3 2Do +1 r. 
and (d), the non-electrostatic terms, (ýAjl +ý- ý-t)/M BM 
This will enable an assessment to be made of whether the assumptions in 
the Laidler and Eyring equation are justified. 
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7.1.2.1.1: The PArameters for the Alkaline Hydrolysis of 
Methyl Acetate and EthXl Acetate. 
According to MasteTton et al 
199 
, the effective radius of the polyatomic 
ion, 011- in aqueous solution is equal to 1.52AO. This is in agreement 
with the. value of approximately 1.66 Ao, which was calculated, using the 
crystallographic -radius of the OH- ion 
200 
, 1.33 A0 and multiplied by the 
factor 1.25 (the intrinsic radius of the OH- ion in aqueous solution is 
-approximately 25% greater) as suggested by Couture and Laidler 
201 
, and 
by Laidler and Pegis 
202 
. 
"'he radius of the ester molecules e. g. methyl acetate and ethyl 
acetate, can be estimated, using the values of b the van der Waals 
excluded volume constants. These values for methyl acetate and ethyl 
203 
acetate are respectively 0.1091 lit/mole and 0.1412 lit/mole . Since as 
a first approximation the constant b is considered to be four times the 
molecular volume 
204 
, the relationship between the constant b and the 
molecules' radii (r) is therefore written as; 
b=4 (4/3.7r. T 
3) No (7.4) 
where No is Avogadro's number. From equation C7.4) the radii of the methyl 
acetate and ethyl acetate molecules are calculated to be 2.21 Ao and 
2.41 e respectively. 
To estimate the radii of the transition states in the alkaline hydrolysis 
of mothyl acetate and ethyl acetate, it is assmed that the centre of the 
OR- ion is on the edge of the van der Waals radius for the ester molecule. 
Thus r* =r+ 1/2 011- which in the case of alkaline'. Iiydrolysis of methyl ester 
acetate the transition state radius is equal to (1.52)/2 + 2.21 = 2.97-Aos 
and in the case of the alkaline hydrolysis of ethyl acetate the 
transition state radius is equal to Cl. 52)/2 + 2.41 = 3.17 e. These 
transition states are charged and in solution are hydrated, therefore some 
increase umst be allm., 9d. If an increase of 10% (about half the values 
-26S- 
for ions in aqueous solution 
(201-2) ) is assumed, the radivz of the 
transition state in the alkaline hydrolysis of methyl acetate will be 
equal to 3.27 A0 (3.3 AO) and of ethyl acetate 3.49 Ao (3.5 Ao). 
Also the dipole moments 
203 
of methyl acetate *and ethyl acetate are 
1.7 DU and 18 DU respectively. 
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7.1.2.1.2: Theoretical'Investigation of the Relative Importance of all 
Terms in the Laidler and Eyring Equation. 
7.1.2.1.2.1: Activity Coefficient of Electrolytes in Solution. 
Ihe Dcbye-H-ackel equation 
S. involves a term for the potential at a 
point at a distance r from the centre'of an ion of radius r. 7his 
potential consists of two parts. The first part is the potential due to 
central ion itself, which is given by: 
zie 
0: - D ai 
C7.5) 
and is independent of concentration, a second part, the potential due to 
the ionic atmos]phere, namely 
T. I, x C7.6) :, - -5- 1+x2, L ý' 
which is a function of the concentration of the ions in solution. 
In equations (7.5) and C7.6), ai is the distance of closest appToach 
of the ion to the central ion and it is assumed that ri = ai, 2i is the 
valence of the i th type of ion, e is the electronic charge, D the 
dielectric constant of the medium, and x is the Debye Kappa, namely 
C122 1/2 . -'iT E ni Zi ) C7.7) 
where k is the Boltaman gas constant, T is the absolute temperature, n. is 
the nuipber of the i th type of ions per cubic centimetre. 
Me Debye-Huckel theory as applied to activity coefficients of ions 
in aqueous electrolyte solutions is concerned with cnly the second term 
since this is the only term -which varies with concentration via the 
2 
-1 wice the ionic strength* as Dcbye Kappa [equation (7.7)1, where Eni Z is 
205 defined by Lewis and Randall 
In aqueous-organic solvent mixtures the rate of reaction is being 
studied as a function of dielectric constant. TherefoTe it is necessary 
to take both potential term, - (To. and Ti) and assess their contribution to 
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-y coefficient terms at a constant concentration of ions, i. e. the activit 
constant ionic strength. 
Scatchard 45 deduces a term for the ý at a distance fron, a given ion 
as 
Z, e x Ca 
Dr I+ xai 
C7.8) 
Scatchard supposes that a., the distance of closest approach may be equaled 
with r- the ionic radius. Thus the above expression becomes, at closest 
approach, 
11 C7.9) ýa, '6 aT + xai 
-Which on rearrangement becomes 
Z. e Z. e 11x- ýa D ai 1+ xai 
C7.10) 
On integration equation (7.10) becomes 
Zi. e Zle Zi. e Zie x tT ln y=D ai .. 
d (Z 
1. e) -/ -T-', 1+ xa2 * 
dczil e) 
001 
(7.11) 
and therefore .z2e2z2e2 
In Ix (7.12) y :2 "fmai - -2D-kT *1+ Rai 
Both the terms in equation C7.12) vary with dielectric constant. 
The relative importance of the above two contributions to the change 
in activity coefficient of ion (equation (7.12)), as a result of a change in 
dielectric cTstant from D= 78 to D= 39 can be calculated as follows: 
Zi? e 
(a) the term DkTai 
at D= 78 
zi202 
2DkTaj 2(78)Cl. 38 X 10- 
(.. ý1)2 (4.80 X lo -10 esu) 
2 
e-rg. deg-I molecule-I)C298 deg) C1.5 X 10" 
= 2.40 
at D= 39, its value is equal to 4.80 
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Thus 
yi) 39 ln C --) = 4.80 - 2.40 = 2.40 YD 78 
and 
I 
YD 
= 39 
log YD = 78 
)=1.04 
lherefore, if it is assumed that 7CD = 78) ý 
1, then 
log '7CD 39) = 1.04 and 
10,98 ýD 
= 39) ' 
Therefore, the change in the activity coefficient of an ion, due 
to the change in dielectric constant of the medium from D= 78 to D= 39 
and its effect on the charged ion term, is approximately 11. 
22 
(b ) l'h e-x term. 7D--ir: c-T 
(-f--+ -xaý 
First of all the Debye Kappa x is calculated using equation C7.7) 
2 
where Eni Zi for 0.01 M sodium hydroxide solution is equal to 
E, .2 (0 .0 1) C6. 
*0'2 X 10 
23) (_1)2 + (0.01)(6.02 X 10 
23 ) C+l) 2 ]/1000 n Z1 
= 12.04 X -0 
18 ions/cc 
6 
x at D= 73 is calculated to be 3.3 X 10 
6 
and at D= 39,4.7 X 10 
at D= 78 
22 
-Z 1x... (-1) 2 (4. SX 10- 10 2 
2M x aj 2X 78 X 1.38 X 10-lb X 298 
. 3.3 -X 106 ........ -2 Ci' 
+ 3.3 X 10'J X 1.5 X 10-8 =- 
11.3 X 10 
at D= 39 
-1) CCS X 10-10) 
2 4.7*X 10 6 
2X 39 X 1.38 X 10-16 X-- 'l + 4.7 X 106 X 1. S X 10-Öl 
=- 31.3 X 10-2 
Thus 
ln (y D= 39/YD = 78) '«2 
C-31*1 X 10 )- C-11.3 X, 10 ) 
=-0.198 
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log (YD 
=3.91YD = 783 = 
1.914 
'f YD = 78 
is assumed equal to one 
log (YD 
= 39 
)=1.914 
and 
YCD 
= 39) 2: 
0.824 
Therefore, the change in activity coefficient of an ion due to the change in 
dielectric constant of the medium from D= 78 to D= . 39 and its effect on 
the ionic strength term is approximately 0.82. It is therefore concluded 
that at a concentration of approximately 0.01 M of sodium hydroxide 
solution, the effect of changing the dielectric constant on the ionic 
strengtl-L term is negligible compared with the effect of changing the 
dielectric constant in the charged ion term, and the change is approximately 
from y=I to y= 11 for a dielectric constant change from D= 78 to 
D= 39. 
7.1.2.1.2.2: Activity Coefficient of Nm-Electrolytes in Solution. 
According to the Laidler and Eyring theory the activity coefficient 
for a neutral molecule is 
11 Do -1 
PB 2n1Z12B 
(7.13) RT + r. 
BI 
In equation (7.13) the first term is due to the free energy of transfer of' 
a neutral molecule of dipole moment 1. ý and effective radius r., from a 
vacuum to the solution phase having no ion present. The second term is to 
take account of the effect of the presence of ions and the third term is for 
the non-electrostatic contribution. 
'Ihe first term is deduced from the Kirkwood 
40 formula and the second term 
58 , is derived from the Debye-McAulay expression for the salting out effect 
of ion on neutral molecules. Both these terms vary with dielectric 
constant. 
The reldtive importance of the above terns to the change in activity 
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coefficient of a molecule as a result of a change in dielectric constant 
of the rodium from D= 78 to D= 39 can Ibe calculated as follows: 2 
1 Do -1 PB y tenn. (a) The - -t-7 kT (ý2Do + rB 
To carry out the calculation the required parameters are given as: 
ýtMeOAC = 1.7 X 10- 
18 
esu 
-8 r MeOAc = 2.21 X 10 cm 
t=1.38 X 10- 
16 
erg deg-' molecule 
T= 293 0K 
The value of the a7bove term 
at D= 78 is - 3.25 
and at D= 39 is - 3.19 
The difference therefore in changing solvent from D= 78 to D= 39 is 
given by 
ln (y D= 39/YD = 783 = 
(- 3.19) - C- 3.25) = 0.06 
if YD 
-- 78 
is assumed to be equal to one, 
log YD= 39 = 0.026 
and Y(D =. 39) = 1-06 2 n. Z 2 
(b) The term 2DkT ! ýi 
a in this term is defined by 
D= Do (1 -a nB), (7.14). 
i. e. is related to the change in dielectric constant as a result of the 
addition of the molecule B to the solution. 
Ihe dielectric constmit of methyl acetate 
203 is 6.68. Me change 
in dielectric constant of the solution on the addition of MeO,, -u-- to 
produce a 0.01 M solution i. e. - 0.1% solution, is estimated from Figure C143) 
to be 0.083, i. e. Do -D=0.083. 
From equation (7.14) a is calculated to be 0.177 X 10 -21 using the 
values of Do = 78 and 6.02 X 10 
18. 
` Mixtures of Wat. er Figure (143): Dielectric Constant of 
and Organic Solvents at 25 0C (ref: '206). 
78 
76 
74 
72 
70 
68 
66 
64 
62 
60 
2.6) 
20.7) 
wt% of organic solvent 
0 10 20 
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For D= 78 
e2a. 
n3. Z12 (4.80 X 10- 10 esu) 
2 (0.177 X 10- 
21 ) 
2DkT -rl-- ý' 2X 78 X C1.3 X 10-1(3 erg deg--L molecule) X 298 deg 
x 
12.04 X 10 
18 
-3 
-8- = 5-1 
10 
1.5 X 10 cm 
For D= 39 
= 10.2 X 10-3 1 
Therefore for salting out effect the difference in the logarithms of activity 
coefficient by changing the dielectric constant of solution from D= 78 to 
D= 39 is given by 
in (y /Y )= 10.2 10-3 _ 5.1 
- 10-3 = 5.1 x lo- 
3 
D= 39 D= 78 x 
A"sum'ng YCD = 78) =1 
in Cy D= 39) = 5-1 X 10 
3 
and 
(YD 39) = 2.22 X 10-3 
Thus YCD 
= 393 = 
1.005 - 
Therefore at a concentration of 0.01 M methyl acetate and sodium hydroxide 
the change in activity coefficient yE calculated by the method of 
Kirkwood and Debye-McAulay indicates that, on changing the solvent from 
a dielectric constant of 78 to one of 39, would change the activity 
coefficient of a neutral molecule from 1.00 to 1.06 for the Kirkwood term, 
and from 1.000 to 1.005 for the Debye-McAulay term. 
However, in aqueous solution the activity coefficient of methyl 
acetate at infinite dilution is approximately 24 
(207) 
, and in methanol 
solution the activity coefficient of methyl acetate at infinite dilution 
is approximately 3 
(208). In view of there values it would seem that the 
Kirkwood and the Debye-McAulay terms are insignificant compared with the 
experimental values for solutions of methyl acetate in water and methanol. 
Therefore from the above discussion it can be concluded that 
(1) for the ion activity coefficients, since tho Debye-Huckel equation 
2 1/2 1/2 log yi A Zi I /C1 +. 1 (7.15) 
predicts the activity coefficients of ion in aqueous solution accurately in 
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the region of the experimental kinetic results, Co. 01 M), then'it can be 
assumed that the correct order of magnitude is predicted for the activity 
coefficients of the ions in aqueous-organic mixtures, and that the ionic 
strength effect is negligible when compared with the charged ian effect. 
Me charged ion effect gives a change in activity coefficient from 1 to 11 
by changing the dielectric constant from 78 to 39. 
(2) for the non-electrolyte activity coefficient, neither the Kirkwood 
(transfer) term nor the Debye-McAulay (salting out) expression predict a 
significant change in activity coefficient - yet existing data give 
values for the activity coefficient of methyl acetate 
207 in water at 
infinite dilution as approximately 24, and in methanol 
203 
of - 3, which are 
much greater than expected from the above theories. 
Therefore the non-electrostatic termsý B' which Laidler and Eyring 
assmned to be insignificant in all previous works, can not be ignored and 
their variation with solvent composition may vary much more than the 
variation of the ion activity coefficients. Therefore whilst the activity 
coefficients of the ions mwj be predicted by the equation 
ln Y=-ii11 C7.16) i2 rAk D0 
where Do is the dielectric constant for water CD e 78) and D -rep-resents 
the dielectric constant of aqueous-organic mixtures, it is essential to 
determine experimentally the values of yB in order to interpret the 
effect of solvent composition on the -rates of ion-molecule reactions. 
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7.1.2.2_i The Anis and Jaffe Equation 
For a reaction between an ion A and a molecule B, Amis and Jaffe 
derived an equation which takes into account the fact that the medium 
affects both the action of the permanent and induced dipole moments of the 
molecule, i. e. the dipole moment is not independent of external factors. 
Their euqation is written as 
ln k= ln k+ ezA. COSO x -x (1 +x TO!. (7.17) X0 Dk T -ýU2- 
(110 p exp (X T)) 
where 11 X is the external moment of the molecule in dilejeCtTiC solvent and 
11 x is the external moment at zero ionic strength Cx = 0), x is the known 0 
Debye-Huckel function, To is the distance between the charge on the ion 
A and the centre of the dipole in the activated complex. 
In equation (7.17) the terms in the brackets are: 
2 
x lio Cn + 2) D- exp (x 4) li (7.18) Dt2 + 2xr + xl-r2) + n-Cl + xr) I 
and 
2 
o (n + 2) D 
2D +n2 
Taking ro = T, where r is the radius o-f the dipole molecule, 
equation C7.17) cmi be written as 
eZ cos 0-22 22 
In k= In ko +A 310 2D 
(n + 2) 
22r2 
C2D +n) (D (2 + 2xr +xr)+n Cl + xr) 
consequently 
(7.20) 
In k= ln ko . 
eZ A Cos 02p0 (7.21) 
DkT ro 
where m is positive as indicated by equation (7.20) and at low constan't 
ionic strength can be assumed to be constant. 
Equation, C7.21) indicates that k, the rate constnat of the reaction, 
should increase with decreasing dielectric constant of the medium for 
positive imn reactants, but decrease with decreasing rate for negative 
im reactailts. 
However in equation (7.21) the variation of the rate constlant is 
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dependent upon two important terms - the charge of the ion A, Z A' and the 
angle e, cos 0. Amis and Jaffe defined the O-angle as being the angle 
between the line which connects the ion A and the centre of the dipole, 
and the positive direction of the dipole whose position coincides with 
the origin and its direction with the positive Z-axis (Figure (144)). Amis 
and Jaffe assumed that whatever the nature of the dipolar molecule, the 
angle of approach was zero, hence cos e=1, irrespective of the charge 
on the io n. 
Studies of reaction mechanisms in organic chemistry indicate that a 
positive ion will almost certainly attack a negative centre on the molecule 
and a negative ion will almost certainly attack a positive centre. Also 
according to Figure (144) the most favourable apprach by the attacking 
positive ion is towards the negative end of the dipole, and for this, 0 
is less th, -m 90 0. Therefore in this case the product ZA -cos 0 is positive. 
In the case of a negative ion the most favourable approach is towards the 
positive end of the dipole through the angles of more than 90 0 
0<3: ý-). Therefore the product Z0 cos e is again positive. Thus 2 2, A 
taking into account the charge of the ion and the angle of approach, the 
slope of ln k against l/D will be positive i. e. the rate of reaction should 
increase by decreasing the dielectric constant of the medium for either 
positive or negative ion reactants. Thus it is concluded that the variation 
of rate of reaction should be independant of the sign of the charge on the 
ion in -the ion-molecule -reaction, as Amis and Jaffe neglected the 
electrostatic forces between the ion and the dipolar molecule which 
dictate the geometry of the collision complex. Nevertheless, Amis and 
Jaffe take proper account of the effect of the polar nature of -the dipolar 
molecule (equation (7.21)) on the reaction which is a good feature of the 
theory. 
The Amis 6 modification of the Amis and Jaffe equation, using 
coulombie ene-rgy consideration is written as: 
Figure (144): The Angle (a) Between the Line lvliich 
Connectsthe Ion A and the Centre of the Dipole. 
y 
0<0 
ZA <0 
Cos 0>0 
x 
y 
0>0 
A>0 
F7 os 
x 
.0 
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ln k= ln k+zA. 
e. 11 B* Cos 0 
00 kTD ro 
2 (7.22) 
Again equation C7.22) predicts that the rate of ion-dipole reaction 
increases by decreasing the dielectric constant of the solvent for positive 
ion reactants, whilst for negative ion reactants the reverse is true. The 
above explanation for the Z A* cos 6 term in the Amis and Jaffe equation 
amends equation (7.22) similarly and therefore it may be written as 
ln k= kcO + e. 11 B* b 
/kTD ro 
2 C7.23) 
where b=Z A' cos 
0 and is. always positive. Support for this explanation 
comes from Katser 
213 
who has derived an expression for the effective 
shape of a polar molecule in the field of ion. Kacser suggests that the 
various regions of the molecule have different energy barriers and that the 
magnitude of the energy barriers determines the success of the reactant 
approach from any direction. 
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7.1.3: The Role of Water 
By studying the mechanisms of the ion-dipolar molecule reactions, 
,. e. the alkaline and acid hydrolysis of carboxylic ester, and the acid 
inversien of sucrose, the Tole of water in the. corrosponding reaction Tate 
along with the inclusion of at least one nolecule of water in the 
calculation of the rates of reactions can be considered as follows: 
7.1.3.1: The Alkaline Hydrolysis of Carboxylic Esters. 
The mechanism 
C2,82,97) for the rcaction is generally written as: 
0 
HO +R-C- OR +H0 11 
IftI 
0 
I JI 
R-C0RR COOH + HOR + OH C7.24) 
II 
oil H OIC 
This mechanism for the reaction was substantiated by Laidler and 
18 209 Eyring based on the scheme proposed by Lowry 
Equation (7.24) shows the. particular structure of the activated 
complex. In addition it indicates the involvement of one molecule of 
water in the rate-determining step of reaction. According to equation C7.24) 
the specific velocity constant for the reaction is written as: 
k=k 
*YE'YOFIYH20 
0 ye C7.2 5). 
and the actual rate of reaction is given by the equation 
YEYOFiYH-, O 
Rate of Reaction = kolester][CH-][H 201-- ---Y -, p 
C7.26) 
m 
Since the experimental rate of reaction is determined using the 
exTression 
Ate of Reaction =k2 [esteo [OR-] (7.27) 
then the experimental velocity constant equation is obtained by 
k 2' = ko 
YE-YOR 
-H 0 
C7.2 8) 
yNfl: 2 
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where a,, 0 -represents the activity of water. 
Equation C7.28) shows that in the calculation of the velocity constant 
for the reaction, the activity of water must not be neglected. In other 
words, the changes in the rate constant for the reaction when solvent 
composition changes is partly caused by changes in water activity, 
because water has been shown to participate in the ester saponification. 
7he above mechanism is mainly supported by the Tommila discussion 
(96-7) 
about the particular stTucturc of the activated complex and its solvation 
in aqueous-organic mixtures and the Values of A and E in the Arrhenius 
equation. Laidler and Landskroener 
107 
also assumed that it is a 
simultaneous attack of a hydroxide ion on the carbonyl carbon atom and 
of a water molecule on the ether oxygen atom that causes the formation of 
the activated complex via the rate-governing step in the reaction. This 
hypothesis is also supported by two sets of data. Firstly, the very low 
frequ-ency factor values and secondly, the relationships which obtained 
experimentally between water concentration and the rate constmnt of the 
reaction 
96 
7he fact that the OH - ion in Na OH is hydrated by three water 
molecules 
(210-11) (Figure C145)) in not too concentrated aqueous solution 
Cconc. < 8 M), indicates that in mixed aqueous organic solutions, the water 
molecules of hydration are removed or replaced by organic solvent molecules 
and that at least one water molecule must be retained in the formation of 
the activated complex. The consideration of one water molecule in the 
mechanism of the alkalin hydrolysis of carboxylic ester along with the 
analogies between the reaction and the alkaline hydrolysis of acetamide 
in aqueous alcohols have been studied by Elsemongy 
212 
From the above discussion, it is concluded that in the mechanism of 
the alkaline hydrolysis of esters in mixed aqueous-organic solutions at least 
one molecule of water must be taken into account. Thus accordingly in this 
Fisure (145): Arrangement of Water Molecules Around the OH Ion in 
Aqueous Solution. 
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work, the relative activity coefficients of water in aqueous organic mixtures 
were determined and applied in the estimation of the rate of reaction. 
7.1.3.2: "Ihe Acid-Catalysed Hydrolysis of Carboxylic Esters 
The mechanism of reaction involves a pre-equilibrium with a proton 
being added to the ester molecule to form the conjugate acid of the 
C26,140). 
ester p 
R CO OR 
/+H+ fas tR CO 0+ IIR / C7.29) 
then it requires the addition of a water molecule in the Tate-controlling 
step as follows: 
00 
11 slow + fas t C7.30) +I H20+c0HR-H20-c-0RRH20C+ HOR 
RR 
According to equation C7.30) the reaction proceeds by a water- 
dependent mechanism. If equation C7.30) is the slow step, the overall 
reaction -rate will be given by 
Rate of Reaction =k/ IR CO. 0 
+ HR [H 0] C7.31) 22 
or by 
Rate of Reaction =k/ K[R CO OR/][H 0][H 
+ (7.321 22 
where K is the equilibrim constant of equation C7.29). According to the 
activated complex theory and using the experimental rate constant k 2-' from. 
the equation 
Rate of Reaction =k2 [R COOR jje] (7.33) 
the following equation is obtained for the exTerimental rate constmit of 
the reaction, k 
k2 'ý' ko, [11 2 Olyester 
YH"YH20 C7.34) 
YmT 
C140,1SO) 
: Cor Equation C7.34) has been considered by some authors 
the calculation of the experimental rate constant. 
From the above discussion, it can be concluded that in any 
calculation of the rate of acid hydrolysis of ester, the activity of water, 
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ali Y 0, must be taken into account (that is to say,, the reaction 2C 
11120]* H2 
C140,150) 
must be taken to be a trimolecular reaction). ' Ihis was carried out 
by dividing the experimental second order rate constant, k 2' by the 
concentration of water Ck 
2) 
and thus k/ was used as the actual [H 2 01 
rate constant in the corresponding calculation of the rate of reaction. 
Temier 149 et al also considered the rate-controlling stage of the 
concentration of water Ck 
/=k2 
"] ) and thus k/ was used as-the actual 1H 20 
rate constant in the corresponding calculation of the rate of reaction. 
reaction mechanism to uptake two molecules of water and therefore for the 
first-order -rate constant Ck exp) of acid hydrolysis of ester derived the 
following equation 
k `ý k [11 + 
Yesteryfl+ 
a2 (7.35) exp 0 ye H20 
This equation again states that water as a reagent has to be taken 
into account. 
7.1.3.3: The Acid-Inversion of Sucrose. 
The mechanism for the acid-catalysed inversion of sucrose 
C3,6) is 
one involving a Tapid equilibTium of the sucTose molecule with the 
hydrogen ion to form a complex 
c li'22011 + 1H 
+:; -- (C12 H 22011'H3+ 
C7.3 6) 
followed by the following rate-determining step involving a molecule of 
water which eventually leads to the formation of the products, i. e. 
glucose and fructose. 
CC12 H 22 011, H) 
++H20 S-1-0 W, 
- M:: C6H 12 06+C6H 12 06 
(7.37) 
According to equation C7.37) and based on the activated complex 
theory, the second-order rate constant Ck 
/) for the reaction is written as 2 YsucroseYH+ 
Rate of Reaction =k 2' KIC 12 H 22 011][H+] 
11,203 V: _ 
C7.3 8) 
where K is the thermodynamic equilibrium corstant of equilibrium (7.36). 
Ile experimental first-order rate of reaction Ck 1) and the second-order 
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rate of reaction Ck 2) can be related by the equation 
Rate of Reaction =k 21sucrOS03111+3 = kl[sucrose] C7.39) 
From equations (7.38) and C7.39) equation C7.40) is obtained as 
k=k, =k/K [H 0]. 
Ysucrose y H+YH20 (7.40y- 222 YM=F 
Hence, since the acid-inversion of sucrose proceeds by a mechanism. ' 
involving attack by a water molecule on the conjugate acid Of Sucrose in 
the -rate-determining step, the concentration of water or more precisely, 
the activity of water in aqueotis-organic mixtures again must not be 
ignored. The inclusion of the concentration of water in the rate of 
reaction expression in aqueous-dioxane and in aqueous-ethanol was 
considered in Chapter two. 
I 
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7.1.4. -' Sumnary 
In OTder to discuss solvent effects on the Tate Of Teaction - the 
alkaline hydrolysis of carboxylic esters, the acid hydrolysis of carboxylic 
esters and the acid inversion of sucrose, then the strategy that will be 
used will be exactly opposite to that used previously, i. e. to correct 
firstly for the activity coefficient of the ester YE , and secondly 
for the activity of water, a. 0' 
In the light of these corrections the electrostatic theories will 
be discussed. 
SECTION (2): Application of the Relative Activity 
Coefficients to the*Kinetic Retults 
-233- 
,i 7.2.1: ApplicatiOn of the Gas Chromatographic D, -te=iinatiOn of the 
Relative Activity Coefficient-of Methyl Acetate and the Activity of 
Water to the Conductometric Kinetic'Results. 
Based on the previous section, the non-electrostatic contribution 
of solvent on the Tate of ion-dipole reaction is very important. Thus 
the relative activity coefficient of water and ester obtýLined from the 
gas chromatographic method are included in the velocity constants 
obtainod conductonetrically in the aqueous-organic solutions of DIMSO, 
dioxane, MEK and diglyme. To apply the activity coefficients of the 
ester, methyl acetate and water, the following treatment is considered. 
If it is assumed that the TefeTence state for the alkaline hydrolysis 
of methyl acetate is the rate of the reaction in water, then the rate 
constant for the reaciton according to the previous section can be 
written by the equation 
k 
exp =kW YM_T aH20 
C7.41) 
where kexp is the velocity constaiii., for the reaction in the aqueous- 
organic mixtures, kw is the rate constant in water and the other terms 
have been defined before. 
The activities Of Water in the aqueous-organic miixtures relative to 
that in water, using the values of the relative activity coefficients of . 
water from Chapter 6 are worked out b7 the equation 
[H 0] / [11 0] 
H20H2022 
. C7.42) 
where y is the relative activity coefficient of water in aqueous- H20 
organic mixtures, [H 2 0] the molar concentration of water 
in the mixed 
aqueous-organic solutions, and [H 2 0] 0 
is the molar concentration of 
water in aqueous solution. 
The kinetic results for the reaction rate in aqueous-organic solvent 
mixtures determined, using the initial concentration of 0.01 M for both 
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methyl acetate and soditLm hydroxide. The gas chromatographic determin- 
ation for the activity co--fficients of methyl acetate and activity of 
water was carried out using solutions of 1.25 M MeC)Ac in aqueous-organic 
mixtures. Therefore, in order to apply the gas chromatographic results 
to the kinetic data it is assumed that at a constant mole fraction of 
organic solvent (in the binary mixtures of aqueous-organic solution) 
af! 20 in 1.25 M MeOAc in aq-orgsoln. aH20 
in 0.01 M MeC)Ac in aq-org. soln. 
aH 
20 
in 1.25 M MeC)Ac in aq-soln. aH 
20 
in 0.01 M T4eC)Ac in aq-soln 
(7.43) 
and 
aMeOAc in 1.25 14 MeC)Ac in aq-org soln aMeOAc in 0.01 M MeOAc in aq-org soln 
in 1.25 M MeOAc in aq-soln in 0.01 M MeOAc in aq-soln aMeOAc aMeOAc 
(7.44) 
Thus the calculated values of the relative activity of water, using 
equation (7.42) and the data in Chapter 6 and those for the relative activity 
coefficient of methyl acetate will be applied to the kinetic data based 
on the above assumptions. 
To include the relative activity coefficient of methyl acetate, the 
relative rates constant for the reaction i. e. k/k w are 
divided by the 
values of yE i. e. k/kw 'ýE . To put in the values of the relative activity 
of water, the k/k W-YE 
term is divided by a,, 
20 
to give k/k wrE'aH 20 
ý" F. 
In summary, in order to show the effect of both the parameters i. e. 
YE and aH 
20 
on the rate of reaction, the plots of k/k w 
against x org or 
l/D, k/k 
wYE against x org, or 
l/D and k/k w'YE aH0 
C= F) versus x org 
2 
or l/D are shown in Figures (146)-Cl58) and the calculated values in 
Tables (130)-(133). 
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Table (132): Alkaline Hydrolysis*of Methyl Acdtate in Aqucous-M-K 
Mixtures at 25 0 C. 
MEK 3 
in 
k. 10-4 1 k/k, log-k/k k/k y -log k 
(a) log F _fb) 4 
Aq-ME, K("t 'no' s ec7 wwwE 
/kt%TYE FDx 10 
0.000 198 1.000 0.000 1.000 0.000 1.000 0.000 127 
0.025 189 0.955 -0.020 1.047 0.020 1.119'0.049 134 
0.050 177 0.894 -0.049 1.175 0.070 1.288 0.110 142 
0.055 171 0.864 -0.063 1.227 0.089 1.382 0.141 143 
0.060 163 0.823 -0.085 1.212 0.084 1.401 0.146 145 
Ca) F= VVE aH 
20 
Cb) Since the dielectric constant of the MEK-water mixtures has not been 
reported, the following treatment was considered to estimate the 
dielectric constant of the mixtures: 
It was assumed that the dielectric decrements (6) for both acetone- 
water and MEK-water mixtures were the same since the dielectric 
constants of the two solvents were comparable203 (Acetone = 20.7, 
TEK = 18.5). Thus the available data for the dielectric constant of 
aqueous-acetone mixtures215 were used to estimate the dielectric 
decrement for the various ao --acetone mixtures. Then these values 
were applied to the equati 16) 
D=D0+6C2 (7.45) 
to calculate the dielectric constant of the aqueous- MEK mixtures. 
In equation (7.45), D is the dielectric constant of the mixtures Do 
represcnts the dielectric constant of water CD = 78.5), 6 is the - 
dielectric decrement for water in aqueous-MEK omixtures, estimated as 
explained above, C2 is the molar concentration of the organic solvent 
in the aqueous-MEK solutions and calculated using the densities of the 
mixtures217. 
Figure (149): Alkaline HNZdroly is*of Methyl Acetate in 
Aqucous-NIEK Mixtures at 25 0 C.. 
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7.2. '2: 'The Influence of y and a E -==--z; H 20 
The influence of y., the activity coefficient of methyl acetate, and 
ali Os the activity of water on the rate of alkaline hydrolysis of methyl 2 
acetate in aqueous-organic mixtures of DMSO, dioxane, MEK and diglyme are 
summarised in Tables (130)-Cl33) and Figures (146)-(158). 
For the purpose of discussion, the graphs are divided into three 
categories: 
(a) the plots of k/kw or log k/ý I against x org and log 
k/k against l/D, w 
(b) the plots of k/k Y or log k/kwYE versus x org and log k/1, versus wE 'WIE 
I/D, and finally 
(c) the plots of k/V'E aH 
20 
or log k/IVYE aH20 versus x org and 
log k/k 
wYE aH20 versus 
l/D. 
The first set of data Ci. e. category (a)) indicates that whilst by 
increasing the mole fraction of DIXISO the relative rate of reaction in the 
aqueous-DMSO mixture increases, for the aqueous-dioxane and aqueous- 
diglyme mixtures the relative rate of reaction increases with increasing 
concentration of organic solvent, passes through a maximum and thereafter 
the rate of reaction decreases at high organic content. In the case of 
the reaction in the aqueous-MEK mixtures the relative rate of reaction 
always decreases with increasing composition of MEK. 7he plot of log k/"ý 
against l/D reveals nothing further. 
The second group of data Ci. e. category (b)), which are concerned with 
the effect of the activity coefficient of methyl acetate, afford 
immediate improvement in the trend of the plots of k/l;, versus _x org. They 
indicate that all the curves in the various aqueous-organic solvent 
nixtures now form a more coherent trend, each plot having a positive slope 
(Figures 153(a), 155(b)). 71iis shows a remarkable effect of the activity 
coefficient of methyl acetate on. the rate of reaction. On the other hand, 
the plots of log k/NYE versus l/D completely destroy this coherence. 
-290- 
Thus the plot versus 11D separates Vie values of k/k 
,XE 
for the mixtures 
studied. It is therefore concluded that firstly the activity coefficient 
of methyl acetate has a marked effect on the rate of reaction, and secondly 
the same effects are produced for isocomposition aqueouss organic mixtures 
and the effect of the electrostatic contribution (via the dielectric 
constant) of the solvent systems is insignificant. 
The effect of a. 0 on the rate of reaction is elucidated by the plots 
of category Cc). According to these graphs it seems to have only a small 
effect on the rate of reaction. This small effect results from the 
compensatory contribution of two factors: one the concentration of water, 
which decreases by increasing the organic content of the aqueous-organic 
solutions, and the other is the increasing activity coefficient of water on 
increasing the amount of the organic solvent. 
From the combined effect Of Y. and a H20 an the Telative Tate of 
reaction in the mixed aqueous-organic solution, the following conclusions C, 
can be reached; 
(a) that yE has the most effect on the rate of reaction, 
(b) the activity of water, because of the two parameters [if 2 0] and 
YH 0 tending to cancel each other out, 
has no significant effect, 
2 
(c) it is the composition effect of aqueous-organic mixtures that are 
important not the dielectric constant effect, and 
(d) since k/k that the residual composition effect wy E aH2 0 `2 7 Off 
ly il-'- 
reflects the variation of with composition and may be due to 
electrostatic effects or non-electrostatic effects. 
This summary implies that the influence of the mixed aqueous- 
organic solutions on the ion-dipolar molecule reaction i. e. 
OR + CH 3 COOCH 3' is governed by 
YMeOAc > all 
20> 
-YOFL/Yjp> (dielectric ccnstaTitl. 
Section (3): Application of Methyl Acetate and Water Relative Activily 
Coefficients to other Rate Constant Mcasurements in 
Aqueous-Organic Solvent Mixtures. 
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7.3.1: Introduction 
Following the discussion in the previous section the results 
available in the literature for the variation of the rate constant with 
composition of water-organic solvent mixtures can be treated similarly., 
These are: 
(1) The alkaline hydrolysis of methyl acetate in tetrahydrofuran-water 
mixtures 
219 (initial concentration a =: ýO. l 
89 (2) The alkaline hydrolysis of methyl acetate in metharLol-water mixtures 
(a = 0.5 M) . 
(3) 7be alkaline hydrolysis of ethyl acetate in water-ethanol and water- 
tert-Butanol mixtures 
97 Ca = O. S M). 
. The values of k, the rate constant, together with the experimental 
results for YE and aH 
20 
are given in Tables (134)-. (M). The graphs 
obtained on plotting these results are given in Figures C159)-Cl6S). 
Since the experimental results for YE and aH 
20 
were obtained 
for methyl acetate-water-alcohol systems, the values of the velocity 
constant of the alkaline hydrolysis of ethyl acetate are multiplied by 
219 
a factor 1.8 so that the k, y. and cý 0 results can be included in 
the Tables (136)-(137) and Figures (162)-(165). 
Finally since the values of y. and for the ethyl acetate- 
20 
water-DM, SO system were determined gas chromatographically, these results 
together with the values of k for the alkaline hydrolysis of ethyl acetate 
in MISO-water solutions 
96 (a = 0.05 11) are also given in Table C133) 
and the graphs obtained on plotting these results are given in Figures 
(166) and (167). 
Figures C168)-(173) then summarize the effects for both the present 
results and previous results. 
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7.3.2: The'Influence of-Y and aH 0- 
The consideration of yE an d a,, 0 in the rate of reaction for the 
aqueous-organic solvent mixtures in this section again supports the conclusion 
that the reaction -rate is governed by the following parameters in the 
order, yE ý" '9711 
20> 
YOFj/yq4-- > (Dielectric constant). 
However, in the case of alcohol-water mixtirfes anomolies remain, that 
is whilst for the apTotic solvent-water mixtures the Tate, after correcting 
for YE and a. 
2 Op 
increases by increasing the concentration of the organic 
component, for hte aqueous-alcohol mixtures the rate decreases by 
increasing the alcohol content of the mixtures. This anomoly deserves 
some explanation which can be summarized as being due to one or more of 
the following effects: 
Cl) the equilibrium, 011 + ROH -- RO +H0, which affects: 2 
(a) Transestrification 
(b) The actual concentration of the OH- ion. 
C2) The replacement of water of hydration by alcohol molecules. 
-299- 
7.3.2.1: Ilie Influence of HXdroxide -Alk oxide Equilibrium 
When the alkaline hydrolysis of esters are carried out in aqueous- 
alcohol mixtures, two anion bases, the hydroxide and alkuxid6 ions, may be 
present at equilibrium 
221 
: 
OH-'+ ROH =RO- + 11 20 (7.46) 
This equilibrium is attained instantaneously because it is a proton 
transfer reaction. The direct evidence for the existence of the equilibrium 
has been reported by Murto 
221 
, and he suggests that this equilibrium has 
to be taken into account in the interpretation of these solvents effects. 
In addition, Tormila et al 
97 have discussed the influence of this equil- 
ibrium reaction (7.46) on the hydrolysis -reaction. 
The equilibrium reaction can have two effects. One is the introduction 
of an additional ionic reactant - the alkoxide ion resulting in transest- 
Tification, and the second is the reduction in the [OH-] itself because of 
tho equilibrium reaction. 
7.3.2.1.1: Transestrification 
According to Murto 
221 if the influence of the equilibrium reaction 
(7.46) is taken into consideration, two simultaneous reactions occur, one 
is alkaline hydrolysis and the other, alcoholysis (transestrificationl, 
as indicated by the reactions 
R1 COOR 2+ 011- -* R1 CCO- +R2 OR 
----1>R COOR +R 0- R1 COOR 2+ RO-ý 12 
C7.47) 
C7.48) 
Reaction C7.48) produces a new ester - hence the term transestrification. 
Me results of the alkaline hydrolysis of esters in alcohol- 
water mixtures involve a reduction in the rate constant of the reaction 
upon incTeasing the alcohol concentration. One explanation could be that 
the concentration of the esters is reduced by transestrification i. e. 
reaction (7.44). 
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However, if the hydrolysis of methyl acetate in methanol'-water 
mixtures and ethyl acetate in ethanol-water mixtures are studied, where 
there can be no transestrification, there is still a red-action in the rate 
constant for the reaction. In tert. butanol-water mixtures, since the 
relative amount of PO_ and 011- are governed by K', the equilibrium constant 
for equation (7.46), 
[1-1 
2 0] 
IRO-] 
[WO111 [CHýj C7.491 
and for ROII --- tert. butanol, K O. OOOS 
221 
, then this very low value of K 
in tert-butanol-water mixtures can -, produce little, if any of the 2-methyl- 
2-propoxide ion. Therefore it can be concluded that - since when no 
transestrification takes place the rate reduction still exists as the 
alcohol concentration increases, then transestrification cannot be a 
- factor affecting the apparent velocity constants of the hydrolysis significant 
reaction and thus it c. m be neglected. 
7.3.2.1.2- The Actual Concentration of the Hydroxide'lon. 
The thermodynamic equilibrium constant for equation C7.46) can be 
given by: 
I 
ýi 
20a RO- 
a ROH a oli- 
H0 
[RO-] y 
IRO 
- 
a ROH 
£OH-' * YOIC 
C7. SO) 
I 
where aH 
20 
and a ROH are the activities of water and alcob. ol with respect 
to the pure liquids as standard states, and the activity coefficients Y RO- 
and y oif are unity in infinitely dilute solutions in pure water. If it 
is assumed that (a); the only reaction is the hydrolysis reaction Csee 
previous section) and (b); that for a first approximation y RO- and Y011- 
vary similarly with the solvent composition, then expression C7.50) can be 
written as 
a1 -3 
K= 
1-20 
ERO 
a ROH 
(Oli-] C7.5 11 
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According to Tommila 
97 if the ecrailibrium constant K Cequation 
is known, the actual concentration of the hydroxide ion can be estimated 
by the equation 
[Olf ]= b/ CSK + 1) (7.52)- 
where b is the stoichemiometric concentra"tion of the alkali in solution, 
a i. e. b= [OH-] + [RO-], and S= ROH/a H 0* Therefore 2 
1ý / (S. K+ 11 (7.53)- 
where k is the measured Capparentl velbcity constant. Equation C7. S3) 
indicates that since K and S vary with the alcohol composition in the 
aqueous-alcohol mixtures the true rate constant also varies in $-he mixtures. 
222 The values of K Cequation (7.51)) for the aqueous-ethanol mixtures 
and aqueous-methanol mixtures 
223 together with the values S=a ROH/aH 20 
(using the activities of water and alc6hols in methanol-water system 
224 
and ethanol-water system 
225 ) were used to estimate the CS. K + 1) 
parameter in the water-alcohol mixtures. Figure C174) illustrates the 
variation of (S. K + 1) against the mole fraction of the alcohols. Using 
the data for the apparent rate constant of methyl acetate in methanol- 
water mixtures" and those for the apparent rate constant of ethyl acetate 
in ethanol-water mixtures 
97, 
to obtain V= k(S. K + 1), the true rate 
constant leads to Figures (. 175) and C176). From these graphs it would 
appear that whilst for methanol-water mixtures the values of the rate 
constant now conform to the general pattern, no chanue is observed for k" 
in the mixtures of water-ethanol and water-tert-butanol. On the other 
hand, considering just the size of the ions, it would be expected 
226 
that 
YOPR6 >1 and it increases with increasing the alcohol content of the 
mixtures, hence YR6/Yofl 1 and*therefore K will become less as the 
alcohol concentration increases. Thus the true rate constant should 
decrease according to equation C7.53). 
Again this indicates that whilst the Yof1-/yRa ratio has sorpe effect 
Figure 175): 
, 
The Effect'of Parameter (SK + 1) on tho Apparent Velocity 
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on the apparent rate constant, it is by no mans the whole explanation 
especially for the ethanol-water and tert. butanol-water mixtures. 
one group of reactions which are similar to the alkaline hydrolysis 
of the ester in alcohol-water mixtures are the alkaline substitution 
reactions. From these, the reaction of methyl iodide 
221 is considered. 
Experimental data on the apparent and the true rate constants for the 
reaction (MeI + OH-) in the water--mthanol solvent mixtures and water- 
221 
ethanol solvent mixtures (Figures (177) and (178)) show that whilst 
the rate constant (apparent) of the hydroly. 3is decreases on increasing the 
alcohol content, the true rate constant slightly increases. 
7.5.2.2: T"he Replacement Of Water of Hydration bX Alcohol Molecules 
The hydroxide ion in sodium hydroxide is hydrated by three water 
(210-11) 
molecules . In a1cchol-water mixtures the hydrated water molecules 
are exchanged by the alcohol molecules and it is supposed that at least 
one molecule of water is retained. On this basis the following mechanism 
lysis of acetamide' in which is similar to that for the alkaline hydro 
21 2. 
alcohol-water mixtures may be considered: 
(the fast--step) 
R COOIR + ROH --ýH -----flOR +H0 ---k- R-C- OR + ROH 22t 
0 ROH.... OH-- H0 22 
L20j (I 
(b) (the slow-step). 0 
(7.54) 
CI) + 11 20kR- Cl - 0. - Rf products C7.5 5) 
ROII-. CH---If 0 *H----Cli 2 
2o 
(Activated Couiplex) 
1.5 
1.0 
Ln 
bo 0.5 
0 
-4 
0.0 
-0.5 
Meoll 
ult) 
; tant) 
Figure (177): Plots of logarithms of the Rate'Constants of Mothyl--'.., 
Iodide against Solve-at Composition in Alkaline Mothanol-Water 
Mixtures at'25 0 C. 
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Under the stationary state hypothesis for the intermediate (I) in the 
mixtures of water-alcohol, that is 
in 
=0 (7. S6) dt 
k1 (ester] [011-] JH 201 -k2 
IROHI III - k3 (I] [H 201 22 0 C7.57) 
Therefore 
R=k1 
[ester] [OH-] 1H 201 C7. S 8) k2 IROH) +k3 JH 201 
The rate of reaction =k3 [I][H 20] (7.59) 
ýk 1k 31esterl 
[OH-] [H 
2 0] 
2 
k2 [ROH] +k3 [H 20) 
kIk3 fester] [olf] [H 2 0] 
k IROH]/[H 0] +k3 2 
Since k3<Ik2, hence 
k1k3 [ester] [0,1-1-] [H 201 
2 
Rate of reaction =k2 IROff]- - (7.60) 
This equation indicates that the rate would decrease on increasing 
the alcohol content of the aqueous-alcohol nixtures. 
7he-kefore, in sumary, the -rate of alkaline hydrolysis of esters in 
aqueous-alcohol solutions decreases on increasing the concentration of 
alcohol and this is poaaibly due to firstly the existence of the 
equilibrium reaction (7.46), ROIL + 01-1- RO_ + If 2 0, decreasing the 
JO. q_], 
and secondly the -replacement of water of hydration by alcohol molecules. 
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Section (4): Acid-Catalyzed !! Zdrolvsis of Esters. 
7.4.1: Introduction. 
It is now apparent from the results described in the preceding sections 
that upon applying the experimental relat-li-ve activity coefficient of 
ester and the activity of water to the kinetic values of the velocity 
constant of the alkaline hydrolysis of esters (i. e. MeOAc and EtOAC) in 
aqueous-organic mixtures, that the rate constant for any ion-molecule 
reaction should increase slightly on increasing the mole fraction. of the 
organic solvent in any aqueous-organic medium. To emphasise this, the 
data of the gas chromatographic measurements (Chapter 6) are algo applied 
to the acid-catalyzed hydrolysis of the above ester - the positive ion- 
molecule reaction type. 
Therefore the experimental results for the relative activity of 
water and the activity coefficients of methyl acetate in water-dioxane 
mixtures and those for ethyl acetate in water-DMSO mixtures are used in 
conjunction with respectively the data of Harned and Ross 
144 
, and the data 
of Tommila et al 
140. The former kine-tic data are those for the acid- 
catalyzed hydrolysis of methyl acetate in aqueous-dioXane mixtures at 
25) 0C (Figure (179)) and the latter are those for the acid-catalyzed 
hydrolysis of ethyl acetate in water-DMSO mixtures CFigure C179)) at, 250C. 
* 
The results of the above treatment are shown in Tables (139), and (140). 
The graphs obtained on plotting these results are given in Figures ClRO)- 
C182). 
Figure 
_(179): 
Acid-Catalyzed_Hydrolysis of Ester in Aqueous-Organic 
Mixtures at 2S 0 C. 
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7.4.2-. Conclusions. 
Comparing Figures (180), C181) and (182), similar conclusions to 
those for the alkaline hydrolysis of esters in the mixed aqueous -organic 
-ions are reached. Because of the large influence of the activity solut 
coefficient of the ester, on the relative rates of the reaction the graphs 
of log k2Aw versus Xorg are brought close together and both show a 
positive slope rather than one having a posi, tive trend and the other a 
negative trend as in Figure [ClSO)a]. 
The influence of the activity of water amends Figure C180)b to a 
narrow band of points, Figure (181) resulting from the plot of log F 
versus x org. This latter effect, that is the activity of water on the 
rate of reaction, appears to be less than that of y E' Finally the support 
for the influence of the oTganic solvent composition on the Tate of reaction 
rather -than the effect of the dielectric constant of the aqueous-organic 
mixtures comes from Figure (182), which shows a separation effect on 
plotting log F versus I/D. 
In summary, in the case of the acid catalyzed hydrolysis of esters 
(positive ion-dipolar molecule reactions), the parameters affecting the 
rate-determining step again are in the order 
> Y'+ /Y+ +> CDielectric constant) YE > aH 
20HM 
It is interesting to plot the results for the acid-catalyzed 
hydrolysis and alkaline hydrolysis of esters cn the same graph. Ilius the 
values of log F for alkaline and acid-catalyzed hydrolysis of methyl acetate 
in aqueous-dioxane mixtures together with the values of log F for alkaline 
and acid hydrolysis of ethyl acetate in aqueous-DMSO mixtures are given 
in Figures (183) and (184) respectively, 
From these graphs it carl be suggested that the concept of the 
importance of the activity coefficients of the non-electroly-Le Molecule 
-reactant mid. of the a. term is applicable not only to negative ion-neutral "2 
Sigure (194): Hydrolysis of EtoAc in aqueous-DMSO 
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molecule reactions, but to ion-neutral molecule reactions in general, in 
aqueous-organic solvent mixtures.. 
-309- 
Sectim (5): 'AdtiVity Coefficient of'Ester. 
7.5.1: Introduction. 
According to section Cl) of the present chapter, the Kirkwood 
equation for the transfer of a neutral molecule from a medium of D=1 to 
a medium of D=D appears not to give the right values for the activity 
coefficient of the molecule. Therefore, the activity coefficients of the 
neutral molecule in this. case, i. e. the ester methyl acetate and ethyl 
acetate, in the binary aquoous-organic mixtures were determined 
experimentally. These determinations were carried out using the GC method 
to obtain the relative activity coefficients of methyl acetate in aqueous- 
organic solutions of MISO, miethanol, ethanol, t-butanol, dioxane, dilgyme, 
THF, and MEK. These data are shown in Figure C140). Analysing the plots 
in Figure C140), three distinct categories appear as follows: 
Ci) for aqueous-DMSO mixtures, the plot Of YE versus xorg has a positive 
slope - YE increases with increasing the DMSO mole fraction. 
Cii) for the aqueous-; alcohol mixtures the negative slopes of 'Y E versus 
x graph decreases in the order y in aqueous-methnaol < yE in aqueous- org E 
ethanol e 'YE in aqueous-t. butanol, and finally 
Ciii) for the aqueous-aprotic solvent mixtures, the negative slope of 
y -; ersus X OTg. graph decreases in the order yE in aqueous-dioxane < E YE 
in aqueous-diglyn. e (x > 0.05) <yE in aqueous-THP < y. in aqueous-MEK. 
7.5.2: yL. in aqueous-DMSO Mixtures. 
- Pi. -ure (185) represents the reported data for Raoult's Law activities 
of the organic solvents in aqueous-organic solvent mixtirres. As is seen froin 
Figure (185), the theoretical line of Raoult's Law, the broken line, 
separates the values of activity of DNSO. in the aqueous-D"ISO mixtures from 
the other binary aqueous -organic mixtures. That is to say, whilst D14SO-water 
Figure (185): Activities of Organic Solvents'i. n the 
- Mixtures at""S 0 Aqueous-Organic Solv-ent 
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system shours a negative deviation from Raoult's Law, the other binary 
mixtures show positive deviation. Thus the reason why yE in the aqueous- 
DMSO mixtures increases on increasing the DMSO concentration, lies in the 
interaction of DMSO with water. Also, it is well known 
(11S, 229-30) 
that 
in DMSO-water mixtures complexes involving the two components are found 
e, g, CD11SO) ' CH20) 2 Crof 230). In these circumstances water is removed from 
the solvent Tole for methyl acetate and the methyl acetate activity 
increases therefore on the addition of DINISO to an aqueous-solution of the 
ester. 
Additionally DMSO could solvate me-thyl acetate. HoweveT, this is also 
prevented by or requires the disruption of very stable wateT-D! ASO bonds 
in the complexes. I'his interpretation is supported by the data of Cox227 
who has determined the free energies, enthalpies and entropies of transfer 
of non-electrolytes e. g. ethyl acetate, from water to water-DMSO mixtures, 
water-acetonitrite mixtures, and water-dioxane mixtures. According to this 
investigation, a comparison of the behaviour of ethyl acetate in these 
mixtures shows that the variation of both the enthalpy and entropy of 
transfer are qualitatively the same for all three solvent systems. However, 
the rate of decrease of free energy of transfer of ethyl acetate with 
increasing organic mole fraction of the solvent is greater in water-rich 
solvent mixtures (x org 4,0.2) for solvents containing both acetonitrile 
227 
and dioxane than DMSO (Figure (186)). Cox coments that the large 
negative deviations from Raoult's Law behaviour of mixtures of water with 
DMSO are responsible for this phenomenon. Stern and O'Connor 
223 
also 
determined calOriMCtTically the enthalpies Of transfer of esters such as 
ethyl, isopropyl and tert. butyl acetates from wateT to aqueous-DMSO mixtures. 
They combined these results with calculated vlaues of free energies of 
transfer to estimate the entropy of transfer. From this treatment, Stern 
and his co-worker reaMed the conclusion that the large positive values of 
Figure (186): Free Energies of TTansfe-r of Ethyl Acetate from Water to 
Mixtures of Water and DIISO (1), Water and Dioxane (2) and Water and 
Acetonitrile (32 at 250C. 
0.4 
0.0 
-0.4 
0-% 
-0.8 0 0 
V-1 Cd 4U 
ý-4 
4j -1.2 
-1.6 
J) 
-2.0 
-2.4 
-2.8 
0 0.2 0.4 - 0.6 0.8 1.0 
Xorgaaic solvent 
-311- 
enthalpies of transfer were nearly identical to TAS, where AS is the entropy 
of transfer, and that DNMSO in water-rich solutions is responsiblc for 
changes in the forms of water and DMSO in the mixtures. This indicates the 
associative behaviour between water and DMSO, and may also affect the self- 
associative behaviour of water itself. 
7.5.3: YE in A2ueous-Alcbhol Mixtures. 
Figure (140) shows that on adding an alcohol e. g. methanol, ethanol 
and tert. butanol to water, y. decreases. This decreasing trend of y,, 
depends upon (among other things) the availability of the alcohols in the 
aquenus-alcohol mixture to act as a solvent for the ester. Figure (187) 
illustrates that for the binary systems, ester-organic solvents, the y. 
versus x org plots are approximately of the same trend, that is the 
organic solvents solvate the ester similarly. Also from Figure (185), 
because the activities of the alcohols, at a gliven mole fraction of alcohol 
in the binary aqueous-alcohol mixtures, are in the order of 
a t. BuOH >a EtOli > NeOll 
then it can be interpreted that the availability of the alcohol to solvate 
the ester is also in the order of 
t. BuOll > EtOH > MeOH 
7herefoxe the solubility of the ester in the aqueous-alcobol mixtures 
would be in the )rder 
aq-t. BuOll > aq-EtOll > aq-MeOH 
and hence the relative activity coefficient of the ester, -yE in the reverse 
order 
"( in aq-t. BuOF. < YE in aq-EtOli <Y in aq-MeOH < YE in water EE 
This is the order found experimentally (Figure (140)). 
Although thermodynamic data are not available for the three-component 
systems, ester-alcohol-water, if one assumes that -the addition of a small 
Figure (187): Activity Coefficients of Esters in the Binary Liquid 
Systems'of Ester and th. 6 Or anic Solvents of MISO, Methan6l, and 
Ethanol at 45 0 C. 
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amount of ester does not produce any significant perturbation "of the binary 
equeous-organic solvent systems, then one can estimate the activity of the 
alcohol in the ternary mixtures, which together with the experimentally 
determined a E' 'If 0 values 
Csee Chapter 6) can provide a complete description 
of the ternary system. To check th: Ls approach, thermodyn=-ic consistency 
tests can be used as follows: 
Mie Gibbs-DuIiem equation for a ternary system is written as 
x1d ln a1+X2d ln a2+x., d ln a3=0 C7.61) 
' In order to estimate the trerds in the ester-alcohol-water systems, 
since dilute solutions of ester and the orgnaic. solvents are considered, it 
can be assumed that the aH 
20 
is approximately constant Csee Figure C142)). 
Hence equation C7.61) reduces to the equation 
x1d In a1+X2d In a2ý 
thus 
C7.621 
d ln a 
x2- 
d ln a C7.63) x12 
If the assumption that the addition of ester does not produce any 
significant pertubation of the binary equeous-organic solvent systems is made, 
then, as equation (7.63) indicates, one would expect that as the activities 
of the alcohols increase, the activities of the ester should decrease, and 
in the s ame order. If therefore the values for the activities of the 
alcohols, derived from the binary systeins, are compared with the experimentally 
determined values of yE in the various three-component systems, Figure C188) 
results. Although this figure is not to scale, the variation of the 
activities of ester and alcohols are in accord with equation C7.63). 
Ifence, it can be concluded that it is possible to predict the order 
of the values of yE in various aqýeous-organic solvent mixtures, from a 
knowledge of the thermodynamic behaviotw of the aqueous-organic solvent 
mixtures, so long as one is mnsidering the situation when xE 
Figure (188): Variation of the Activity Coefficients of the Ester and 
The Activities of Alcohols with x org-at 250C. 
Methanol-Water-Methyl Acetate System 
'D E-thanol-hater-Metliyl Acetate System 
1.00 
0.80 
0.60 
0.40 
0.60 
OAC 
0.2( 
() - 
lVateT-Mothyl Acetate System 
(yester) 
alcohol 
0 0.05 0.10 O. IS 0.20 
-3150- 
7.5.4: in Aaueous-ýprotic Solvent Mixtures. 
The rate of decrease of y. in the plots of the y. against x org 
(Figure C140)) in the ternary mixtures of methyl acetate-water-orgnaic 
solvents of dioxane, diglyme, '. 711F and ME-K appear to be in the order of 
YE in aq-MEK >Y E in aq-IIIF >yE in aq-dilgyr. e (x > 0.05) 
yE in aq-dioxane - 
The reason for this as in the aqueous-alcohol mixtures, lies in the values 
of the activities of the organic solvent in the aqueous-o-rganic solvent 
mixtures. Me data for the activities of the organic solvents of dioxane, 
MF and VIEK are taken frcm Figure (185), (the reported values of the 
activities of MEK, up to about 0.09 mole fraction, have been taken from 
th3 boiling point concentration measurements, and for the other. systeins are 
at con3tant temperature C25 0 Q). 
According to Figure (1ý5) the activities of the organic solvents are 
of the order of I 
aMEK ý. aTIIF ý, a dioxane. 
7lien the availibility of the organic solvents of MEK, 7VIF and dioxane to CA 
solvate, tho ester is also in the order of 
MEK > TIIF > dioxane 
and hence the relative activity coefficient of the ester, YE in the reverse 
order 
*y in aq-14E-K < YE in aq-THIF < Y. in aq-dloxane E 
Again this is the order obtained eyerimentally. 
The above app: roacli can be cbecked using the thermodynamic consistency 
test. To do this, it is again asswned that the addi-tion of ester does not 
change the activity of the organic solvent in the'bina-ry aqu-. ous-organic 
solvent systems significantly. nien, as in the case of the aqueous- 
alcohol systems, the data for the activities of the organic solvents are 
taRen from the binary aqueous-organic- solvent systems, and compared with the 
-314- 
obtained values of %E in the th-rea component systems, assuming, that the 
a,, 0 is approximately constant 
CFigure (142)). Therefore, according to 
equation (7.63), it would be expected that as the activities of the organic 
solvent increase, the activities of the ester decrease and in the sama. 
order. Figure (189) shows qualitatively that the variation of the 
activities of ester and organic solvents are in agreement with equation 
C7.63). 
7.5. S: Electrostatic Effects and YE'- 
In the Laidler and Eyring equation for reaction rates between ions 
and dipolar molecules, the activity coefficient of the neutral nolecule is 
expressed by the equation Cthe Kirkwood equation): 
F= kT ln Y 
11B 
2D 
0"- 1) C7.64)- Br3D0+I 
B- 
where F is the free energy of transfer of the neutral molecule from a 
vacuum CD = 1) to a medium of dielectric const"-nt D0 after the dipolar 
molecules have been added. Other terms, in the above equation, have been 
defilned before (Chapter one). 
Equation (7.64), which gives purely the electrostatic effects of the 
medium on Y B, can be used to estimate the theoretical values Of YE for 
methyl acetate in aqueous-organic solvent mixtures Telative to water. To 
calculate Y Es equation (7.64) has to be modified so as to give the change 
of the free energy of transfer of methyl acetate from water CD = 78. S) to 
the aqueous-organic solvent mixtures CD =D0 Thus equation C7.64) is 
written as: 
In *Y 
PE 
2 
_D 
0-1 78.5 C7.65) E tT 'r3 -2D 0+I 
__ 2(78.5) 1 
E 
Hence, noglecting the effect of methyl acetate on the dielectric 
constant of an aqueous-organic solvent mixture (in Chapte-r 7, section 
the decrease is of the or.. '. or of 0.1% for 0.01 M methyl acetate) the 
Figure (189): Variation of the Activity Coefficients of the Ester and the 
Activities of Organic Solvents with x org at 2S 0 C. 
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variation O: E 'ýE with the dielectric constant of the mixed solvents crm be 
expressed as: 
In y--6.511 (D-1-0.491) E 2D +1 
(7.66) 
where the values of the parameters in equation C7.65) have been taken from 
section (1) of the present chapter. 
Equation (7.66) was applied to calculate thh. theoretical values of 
YE for methyl acetate in various aqueous-organic solvent mixtures of mole 
fraction x Org = 
0,0.05,0.10,0.15 and 0.20. These values are shown in 
Figure (190). According to Figure (190) yE increases as the dielectric 
constant of the wixture decreases. Oa the other hand, the yE increase is 
greater in the mixed aqueous-organic solutions containing organic solvents 
of JoIj dielectric constant than that of high dielectric constant. 
However, the experimental data for the relative activity coefficients 
of methyl acetate (Figure (140)) show that yE for all the aqueous-organic 
solvent mixtures except for DIMSO-water mixtures, decreases with increasing 
X org * 
In addition, the plots for the aqueous-alcohol mixtures differ from 
the aqueous-aprotic solvent mixtures. Whilst for the former group yE 
decreases in the order given by 
YE in aq-t. butanol CD = 10) > 'y E in aq- ethanol 
CD = 24.3) >yE in 
aq-methanol CD = 32.6) 
for the aqueous-aprotic solvent mixtures the decrease in YE is in the order 
yE in aq-MEK (D = 18.5) > yl: in aq-THF (D = 10) :* YE '11 ao-d'glymo 
Cx > 0.05, D= 7) >yE in aq-dioxane CD = 2.2) 
Moreover, for the water-DMSO mixtures and the water-methanol mixtures, which 
are of the approximate similar dielectric constant, wh: ilst Y, for the 
former mixtures increases., for the latter mixtures, decreases. 
Iberefore, the above approaches reveal that the predominant facto-r 
affecting the variation of yE with x org 
is not an electrostatic Cidielect-ric) 
effect, that is to say, the indilidual dielectric effect is masked by the 
much laTgeT nonalectTostatic effects. Hence, tl,, e nonelectrostatic - 
Figure (190): The lbeoretical Values of YE for very Dilute Solution of Methyl 
Acetate in the A2ueous-Organic Solvent Mixtures at'25 0 C. ' According to the 
Kirkwood Eguation. 
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thermodynamic effects play the most LDPOTtant part in determining the value 
of y, and again this further supports the idea that y. has to be E 
investigated experimentally. 
7.5.6: Conclusion 
In summary, it is concluded that, 
(i) it is the activity of the organic solvent in the ester-water-organic 
solvent systems which brings about the changes in the activity coefficient 
of the ester, 
Its 'Cy ) in the aqueous-organic (ii) the activity coefficient Tesu. L E 
mixtures are qualitatively in accord with the Gibbs-Duhem equation under 
the circumstances of the experimental conditions, 
Ciii) hence the values of yE in the mixed aqueous-organic solutions can 
be estimated from a knowledge of the thermodynamics of the binary 
aqueous-organic solvont mixtures, and finally 
Civ) for Y E, the electrostatic contribution, 
if any, is negligible. 
-317- 
7.6: Electrostatic Effects and the y /y-+ Ratio. ion M 
So far the activity coefficient of the esters i. e. methyl acetate 
and ethyl acetate and the activity of water have been considered, using 
the activated complex theory in order to study the alkaline and acid- 
catalyzed hydrolysis of the esters in water-cosolvent mixtures. 7he 
inclusion of the activity coefficient of the esters and the activity of 
water in the activated complex equation led to the plots of k/k O'YE*aH 20 
against x org 
for both the above reactions. From the activated complex 
theory for the hydrolysis of esters 
YE' *Yion*aH 0 k=k0. + 
C7.67) 
hence 
k/k Iyp (7.681 
O-YE'a'12 0 Yion/ M 
Therefore plots of k/ko. yE. aH 
20 
against x org are 
in fact plots of 
Y ion/yý,, -T against x org . 
These plots are shovm in sections C2), (3) and 
C4) of the present chapter. According to these figures, the residue of 
the effect of the composition of the organic solvent Cx org 
) on the 
/Y -t -ratio, i. e. yor, /yF4# and ye/yý; + , increases slightly on Y ion MM 
increasing the mole fraction of the organic solvent. These increasing trends 
appear to be in accord witI-L the recent findings by Wells 
(226,236-7) for 
the single ion free energies of transfer from water to aqueous-organic 
solvent mixtures. Wells' results show that in all the aqueous-organic 
solvent mixtures studied, the free energy of transfer for a negative ion 
is positive, and it increases as the concentration of the organic solvent 
increases. This increase is greater for smaller ions than for larger ions, 
(Pigures (191) and (192)). Thus considering these data, the y .. r 
4 
ion(-)/'YM 
ratio, where is considered to be the larger ion, should increase 
with increasing the org, -mic content of the mixtures (7rigures (191) and C192)). 
On the other hand, the single ion free energy of transfer for positive ims 
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is negative, and it decreases as x M, 
increases. Also this decrease Is 
greater for ion of larger size (Figures (191) and (192)). Thus for positive 
ions, the *YionC+) I'YMC+ ratio again, as in the case of the negative ion, ) 6'A 
increases as the mole fraction of the organic solvent in the mixtures 
increases CFigures (191) and C192)). 
However, the treatment of Laidler and Eyring for calculating the 
actiyity coefficient of the single ions for the ion-dipolar molecule 
reactions, at very small ion strength (I = 0) and neglecting the nonelect- 
rostatic terms is given by: 
C7.69) log CYA'YM*l 2kT B-I 
CrA 
rm 0 
where D and D0 are the dielectric constants of the aqueous-organic 
mixtures and that of water respectively, and other terms in equation (7.69) 
have been defined before. 
Equation (7.69) indicates that the YA/Y-* ratio increases as x m- oTg 
increases for both the positive and negative ! on reactants. Nevertheless, 
the logarithm of the activity coefficients of both positive ions and 
negative ions appears to be positive, since Laidler and Eyring assume that 
for any ion 
i C7.70) log Yi 2kT 01 
and thus log yi 3. s positive. This is where comparison of the Laidler and 
Eyring equation for calculating the activity coefficient of a single ion 
and the Wells' 'results do not always agree. Whilst they do for negative 
ions, for positive ions. they are in conflict. Therefore, it can be 
concluded that the nonelectrostatic terms in the Laidler and EyTing 
equations for the activity coefficient of ions must be dominant especially 
for positive ions and hence must not be ignored. Hence, single ion 
activity coefficients rwist be studied experimentally in orde-r to determine 
-319- 
the magnitude of thoir nonelectrostatic effects. 
In summary, the Laidler and Eyring and the Amis and Jaffe theories 
of ion-molecule reaction rate iýi solution have been concerned wit', 11 the 
electrostatic effects, i. e. the role of dielectric constant of the inedium, 
and the d1pole inoment. of the reactant nolecule, in a solution of very 
small ionic strength, and have assumed, that the activity coefficient of 
the molecule was of secondary importance. One can only conclude from the 
present work that the importance of -the paraneteTS involved in the hydrolysis 
of esters, in paTticular, and in the ion-dipolar mplecule reactions in 
general, aTe in the order 
>a>y ýT > Cdielectric constant) Ymolecule H20i on 
/Y 
I 
and that nonelectrostatic effects - therniodynainic effects are moro 
important than the electrostatic effects. 
I 
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Suggestion For Tuture IVoe.,, 
The obtained data for the Tate of alkaline hydTolysis of methyl 
acetate, in the various aqueous-organic solvent mixtures together with thoso 
for the thermodynamic properties of the reacting sp ecies of the reaction, 
led to a comprehensive look at the effect of solvents on the ion-molecule 
reaction. 7his investigation points to the necessity of carrying out more 
research in this area as follows: 
It is essential that the concept of the dominalit factor of the 
activity coefficient of the ester molecule be furýher investigated. This 
L can be carried out either by estimating the ester activity coef: C. 2cient 
using the Gibbs-Duhem equation and data for the thermodynamic properties 
of the binary mixtures of aqueous-organic solvents, or by applying direct 
experimental methods. From the direct methods available, the gas 
chromatographic inethod is believed to be the most versatile and accurate 
method, yielding meaningful values for the activity coefficients for use 
in these studies. 
Since reactions occur between single ions and between single ions and 
molecules, the concept of mean ion activity coefficient is not appropriate. 
Therefore, it is essential that the concept of single ion activity coefficients 
be further investigated. An appropriate method for determining single ion 
activity coefficients has been developed by Wells and further studies 
involving ions which have a role in -reaction kinetics need to be undertaken. 
These further studies would help to elucidate the -relative contribution of 
electrostatic effects and nonelectrostatic effects to the activity 
coefficient of the ion. 
It also appears necessary to investigate the role of the activity 
coefficients of the reacting species in molecule-molecule reactions. This 
would enable the application of the concepts developed in this work to be 
tested for reactions of both positive and negative ions with neutral molecule 
-321- 
and molecule -molecule reactions. 
Finally, it is of great diagnostic advantage to search for a solvent 
medium of dielectric constant 78, compatible with the reacting species 
to separate the electrostatic effects of the solvent from the specific 
interactions of the reaction species with the solvent. 
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